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Introduction

PM , isthe designation for particulate matter in the aimosphere that has an aerodynamic diameter of 10
pm or less. A high-volume PM,, (HV PM ) sampler draws a known volume of ambient air a a
congtant flow rate through a Sze-sdlective inlet and through one or morefilters. Particlesin the PM,,
gze range are then collected on thefilter(s) during the specified 24-h sampling period. Each sample
filter isweighed before and after sampling to determine the net weight (mass) gain of the collected PM,,
sample. The reference method for PM o sampling is given in the Code of Federal Regulations (CFR)
(40 CFR Part 50, Appendix M) (EPA 1997).

Thetotal volume of air sampled is determined from the measured volumetric flow rate and the sampling
time. The concentration of PM,, in the ambient air is computed as the total mass of collected particles
in the PM,, Sze range divided by the volume of air sampled. The PM ;o measurement is expressed as
micrograms per actual cubic meter (Ug/nT).

The performance parameters of PM,, samplers are tested in accordance with explicit test procedures
that are prescribed in 40 CFR Part 53 (EPA 1988). One such performance parameter isthe particle
sze discrimination characteridtic (i.e., sampler effectiveness) of the sampler inlet over the PM,, Sze
range. Of particular importance is the particle size a which the sampler effectivenessis 50 percent (i.e,
the particle sze cutpoint). Methods for PM,, that meet al requirements in both Parts 50 and 53 are
designated as PM ,, reference methods for use in State and locd air monitoring sations (SLAMS) and
prevention of significant deterioration (PSD) monitoring. These designated methods are usudly
identified by the name of the manufacturer and the modd of the sampler.

Two common types of PM,, samplers that meet these designation requirements are HV PM,, samplers
and dichotomous samplers. Only HV PM,, samplers are discussed in this document; dichotomous
samplers are discussed in Quality Assurance Guidance Document 2.10.

AnHV PM,, sampler conssts of two basic components. a specidly designed inlet that transmits only
those particles <10 pum in diameter and a flow-control system capable of maintaining a constant flow
rate within the design specifications of the inlet. Currently, two types of HV PM,, inlets are available,
They are digtinguishable by their method of particle discrimination (impaction or cyclonic). Although
these two types of inlets differ in their physical size and their principles of operation, they have smilar
flow-rate requirements. Two common types of flow-control systems (base units) are dso available,
One is equipped with a mass-flow-control (MFC) system; the other is equipped with a volumetric-
flow-control (VFC) system. Because the cdibration and standard operating procedures differ
considerably between these two types of flow-control systems, this document presents procedures that
are control-system-specific. Either type of inlet can be used with either the MFC or VFC system.

Impaction Inlet

Figure 1 is a schematic drawing showing the basic ements of an impaction HV PM,, inlet. The
symmetrica design of the inlet ensures wind-direction insengtivity. Ambient air thet is drawn into the
inlet is evacuated from the buffer chamber through nine acceleration nozzles into the first impaction
chamber, where initid particle separation occurs. The air isthen accelerated through an additiond 16
jetsinto a second impaction chamber. The acceleration jets have critical diameters caculated by the
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Figure 1. Schematic diagram of an impaction inlet.

manufacturer to provide the necessary changesin velocity to effect correct particle Size fractionation
within the impaction chambers. The air flow findly exits the inlet through nine vent tubes onto asample
filter. Because ar velocities are critica to maintain the correct particle sze cutpoint within the inlet,
maintaining the correct flow rate through the inlet isimportant. Thisflow rateis specified by the
manufacturer in the ingtruction manudl. For example, the flow rate for one popular impaction inlet is
1.13 m?/min.

Cyclonic Inlet

Figure 2 isaschematic drawing of acyclonic HV PM, inlet. The omnidirectiona cyclone used for
fractionation in thisinlet dlows particles to enter from dl angles of gpproach. An angular velocity
component isimparted to the sample air stream and the particles contained in it by a series of evenly
gpaced vanes. Larger particle remova occursin an inner collection tube. This tube incorporates a
“perfect absorber”—an oil-coated surface to eiminate particle bounce and reentrainment. The sample
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The flow ratein aMFC sysem s

actively sensed and controlled a some predetermined set point. Air is pulled through thefilter into the
intake of ablower and subsequently exits the sampler through an exit orifice, which facilitates meas-
urement of the flow with a manometer or pressure recorder. The flow rate is controlled by an eectronic
mass-flow controller, which uses aflow sensor ingtdled below the filter holder to monitor the mass flow
rate and to control the speed of the motor accordingly. The controlled flow rate can be changed by an
adjustment knob on the flow controller.

Volumetric-Flow-Control (VFC) System

A VFC sysem maintains a congtant volumetric flow rate (given afixed temperature) through the inlet,
rather than a constant mass flow rate asin the MFC system. In a popular commercid VFC system, a
choked-flow venturi is operated such that the air atains sonic velocity in the throat of the device. In this
“choked” mode, the flow rate is unaffected by downstream conditions such as motor speed or exit
pressure and is a predictable function of upstream conditions, such as the stagnation pressure ratio and
temperature. Thus, the volumetric flow is controlled without any moving parts or dectronic
components. In this type of flow control system, no meansis provided for adjusting the controlled flow
rate.

Method Highlights

The procedures provided in this document are designed to serve as guidelines for the development of
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qudity assurance (QA) programs associated with the operation of an HV PM ;o sampler. Because
recordkeeping isacritical part of QA activities, severd dataforms are included to aid in the
documentation of data.

The tables and figures included in some sections summearize the materia covered. The material covered
in this document is summarized below:

Section 1, Procurement of Equipment and Supplies, includes recommended procurement procedures,
equipment selection criteria, and minimum accuracy requirements. It also provides an example of a
permanent procurement record.

Section 2, Calibration Procedures, provides detailed cdibration procedures for the HV PM ;o sampler.
Table 2-1 provided in this section summarizes acceptance limits and gives references for the cdibration
procedures of associated monitoring equipment used in a PM,, sampling program.

Section 3, Fidd Operations, provides detailed procedures for filter instalation and recovery, sample
handling, and data documentation. It aso includes procedures for the field flow-rate calibration check.
Complete documentation of background information during sampling is one of severd QA activities that
are important to future data validation; particularly important are any unusua conditions existing during
sample collection. Such conditions should be noted.

Section 4, Filter Preparation and Andysis, presents important consderations for the handling, integrity,
identification, equilibration, and weighing of filters. A high-quality microquartz filter is recommended.
This section aso briefly describes minimum laboratory QC procedures. The andytica baance must be
cdibrated annudly, and the filters must be equilibrated in a controlled environmen.

Section 5, Cdculations, Vdidations, and Reporting of PM,, Data, presents caculations for determining
PM ,, mass concentrations and minimum data validation requirements. The find detareview and
vaidation, including standardized reporting procedures, are dl important parts of a QA program.
Independent checks of the data.and calculations are required to ensure that the reported data are both
accurate and precise.

Section 6, Maintenance, recommends periodic maintenance schedules to ensure that the equipment is
capable of performing as specified. The objective of a routine maintenance program is to increase
measurement system reiability.

Section 7, Auditing Procedures, presents independent audit activities that provide performance checks
of flow-rate measurements and data processing. An analytica process evaluation and a system audit
checklist are aso provided. Independent audits evaluate data vaidity.

Section 8, Assessment of Monitoring Data for Precision and Accuracy, describes the assessment
procedures for determining the accuracy and precison of the data. The precision check is performed
by using collocated samplers.

Section 9, Recommended Standards for Establishing Traceability, discusses the tracesbility of
cdibration equipment to established standards of higher accuracy. Such traceability is a prerequisite for
obtaining accurate data.
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Section 10 contains the pertinent references used to prepare this document.
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1.0 Procurement of Equipment and Supplies

The establishment of an ambient PM 4 air monitoring network requires the procurement of specialized
equipment and supplies for field operations and subsequent filter andyss. Information in this section has
been provided to assst the agency in selecting the proper equipment. Section 1.1 presents minimum
sampling equipment necessary to conduct field operations. Recommended |aboratory insrumentation is
presented in Section 1.2.

In addition to field operations and laboratory equipment, a data-handling system (including forms, logs,
files, and reporting procedures) must be developed and implemented.

It is recommended that each agency establish minimum monitoring equipment requirements and
budgetary limits before the procurement procedures are initiated. Upon receipt of the sampling
equipment and supplies, appropriate procurement checks should be conducted to determine their
acceptability, and whether they are accepted or rgjected should be recorded in a procurement log.
Figure 1.1 is an example of such alog. Thislog will serve as a permanent record for procurements and
provide fiscd projections for future programs. It will dso help to provide a continuity of equipment and
supplies. Table 1-1 lists the mgor equipment needed, how it should be tested, suggested acceptance
limits, and actions to be taken if acceptance limits are not met.

1.1 Procurement Prerequisites—Field Operations

1.1.1 HVPM,, Samplers

Anindividua sampler must meet U.S. Environmental Protection Agency (EPA) operationd standards
and be amode designated as areference or equivaent method. A complete listing of minimum sampler
requirementsisin 40 CFR Part 50, Appendix M (EPA 1997). Those HV PM 4 samplers not
designated as reference or equivalent methods may not be used for reporting data to determine
attainment of the National Ambient Air Quality Standards (NAAQS) for PM . The cost of HV PM
samplerswill vary by manufacturer and the options chosen (i.e., continuous flow recorder, timer).

Date Accept/
Item Descriptio | Qty | PO# | Vendor Cost Initials | Reject Comments
n Ord. Rec’d

Gaskets |Motor 5 |B549 |Lamb []10/1/88 |11/3/88 [17.35 |DBP A —

Pens Record. 15 |B550 |Dickso §10/1/88 ]10/25/8 |28.95 |DBP A —
n 8

Figure 1.1. Example procurement log.
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TABLE 1-1. ACCEPTANCE TEST AND LIMITS FOR PROCUREMENT OF EQUIPMENT
AND SUPPLIES

Equipment

Acceptance check

Acceptance limits

Action if require-
ments are not met

Field operations

Sampler

Calibration quality
assurance/quality
control (QA/QC)
supplies

Laboratory operations

Filters

Filter handling
materials

Lab equipment and
instrumentation

Sampler complete; no
evidence of damage. Model
designated as reference or
equivalent method

Check against National
Insitute of Standards and
Technology (NIST)-
traceable standards

Meets requirements. Filter
undamaged and suitable for
sampling

No evidence of damage

Check against American
Society for Testing and
Materials (ASTM) or NIST-
traceable standards

Specifications outlined
in 40 CFR Part 50,
Appendix. J

Within accuracy limits
presented in text

Specifications outlined
in 40 CFR Part 50,
Appendix. J. Com-
patible with individual
samplers

Allows for minimum
filter damage and loss
of particles

Within accuracy limits
presented in text

Reject sampler

Adjust or reject

Reject filters

Reject materials or
improve method for
transporting filters

Adjust or reject

An in-house inventory of general maintenance supplies and replacement parts is recommended. These
include various hand tools; faceplate, motor, and filter cassette gaskets, genera al-purpose cleaner;
penetrating oil; distilled water; disposable [aboratory wipers; soft brush; and cotton swabs. Spare parts
for the sampler may be supplied by the manufacturer or many of them may be purchased locdly.

1.1.2

Calibration Equipment

Cdlibration activities require specidized equipment that will not necessarily be used in routine
monitoring. At a minimum, the following equipment is required:

« A thermometer capable of accurately measuring ambient air temperatures over arange of 0to 50 EC
to the nearest 0.1 EC. This thermometer should be traceable with an accuracy of 0.1 EC to aNIST-
certified thermometer of an ASTM thermometer.

A barometer capable of accurately measuring barometric pressure over arange of 500 to 800 mm
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2.11-PM,, High Volume



2.11.1.0 Procurement of Equipment and Supplies September 1997 Page 3 of 5

Hg (66 to 106 kilopascal [kPa]) to the nearest millimeter of mercury (Hg) and referenced at least
annualy to a standard of known accuracy within £5 mm Hg. For [aboratory measurements, a Fortin-
type, mercury-column barometer is appropriate. For field measurements, a portable, aneroid
barometer (e.g., aclimber’s or engineer’ s dtimeter) is appropriate.

 An orifice trandfer sandard (e.g., top-hat orifice, variable orifice, or reference flow [ReF] device)
cgpable of accurately measuring the operationd flow rate of an HV PM,, sampler at actua
conditions. The transfer sandard cdibration relationship must be referenced annudly and be within
+2 percent of the NIST-traceable primary standard.

» Water or oil manometer(s) with a 0- to 400-mm H,O (0- to 16-in.) range and a minimum scae
divison of 2 mm (0.1 in.). The VFC sampler cdibration procedure requires a second oil or water
manometer with a0- to 1,000-mm H,O (0- to 36-in. H,O) range and with aminimum scde divison
of 2mm (0.1 1in.).

» Spare recorder charts (if the sampler is equipped with a continuous-flow recorder), miscellaneous
handtools, and 51-mm (2-in.) duct tape.

1.1.3 QC Flow-Check Device

A QC flow-check device isrequired for routine operation of the HV PM,, sampler; a calibrated orifice
transfer stlandard is recommended.

The orifice transfer standard must have a NI ST-tracesble cdibration relationship and be capable of
accurately measuring volumetric flows between 1.02 and 1.24 m*/min. The cdibration relationship must
be referenced annually and be within +2 percent of the NIST-tracesble primary standard. This orifice
transfer sandard may be the same one that is used for cdibration.

1.1.4 Audit Equipment

The equipment needed for auditing is Smilar to the cdibration equipment; however, the audit orifice
transfer sandard MUST be a different device from the one that is used for routine caibration and flow
checks.

1.2 Procurement Prerequisites—Laboratory Operations

1.2.1 Filter Media

The microquartz fiber filter is currently the only commercidly avallable HV PM,, filter that satidfies dl
criteriaspecified in 40 CFR Part 50, Appendix M (EPA 1997). Thesefilters may be brittle, which
makes them difficult to handle, and they may be more expensve than glassHfiber filters. The operating
agency should determine the relative importance of certain filter evaluation criteria (eg., physica and
chemicd characteristics, ease of handling, cost). Table 4-1, Section 4, presents basic criteria that must
be met regardless of thefilter type sdected.

Gloves should be worn during the handling of al filters, and touching should be limited to the edges.
Gloves will help to diminate interference from body ails, hygroscopic particles, and static eectricity
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buildup during weighing operations.

1.2.2 Filter Protection

Postsampling particle loss and filter damage will occur if proper handling procedures are not followed.
Filter cassettes are recommended for sampling with most HV PM,, samplers. These may be purchased
through the HV PM,, sampler’s manufacturer. A sufficient number of cassettes must be purchased to
dlow insertion and remova of thefiltersin the laboratory. For storage of exposed filters, however,
cassettes may prove to be expensive and unwieldy.

For assurance of the integrity of the exposed filter during handling and storage, some type of protective
covering isrequired; amanilafolder in a protective envelope is recommended. The folder and envelope
should be of comparable size (large enough to alow easy removd of thefilter, yet smdl enough to
prevent excess movement within the envelope) and be sedled to preclude damage or loss of particles
during trangportation to the analytical laboratory. The folder can be printed to serve as a data sheet for
proper documentation during sampling. A sufficient number of protective envelopes mugt be available to
provide protection for the filters during trangportation to and from the monitoring location and for stor-
age of the exposed filters for subsequent gravimetric or chemical andyss.

1.2.3 Laboratory Equipment

The anaytica baance must be suitable for weighing the type and size of the HV PM, filtersused. The
range and sengitivity depend on routine tare weights and expected loadings. The balance must be
cdibrated at ingalation and recalibrated at least once a year, as specified by the manufacturer.

Prior to their weighing, filters must be conditioned in an environment where the mean relative humidity
(RH) is between 20 and 45 percent and controlled within +5 percent, and mean temperatureis
between 15 and 30 EC and controlled within -3 EC. Temperature and RH readings must be recorded
daly, either manualy or by hygrothermograph. Among the options available to ensure compliance with
the reference method specifications are a ding psychrometer and a calibrated precision thermometer
(capable of measuring temperatures over arange of 10 to 30 EC [283 to 303 K] to the nearest

0.1 EC). This thermometer should be traceable with an accuracy of 0.1 EC to aNIST-certified
thermometer or an ASTM thermometer.

It isimpossible to present a complete procurement package that would provide for unexpected
contingencies in any monitoring network. Each agency must determine the extent of itsin-house
inventory and the items that should be ordered before sampling can begin. The agency must aso be
prepared to order any additiona equipment required over and above that outlined in this section.

1.2.4 Mass Reference Standards

Mass reference standards must be certified as being traceable to NIST mass standards. Additionally,
they must have an individua tolerance of no more than 0.025 mg. Examples of mass reference
standards that meet these specifications are American Nationd Standards | nstitute/American Society
for Testing and Materiads (ANSI/ASTM) Classes 1, 1.1, and 2. The mass reference standards must be
recdibrated on aregular basis (e.g., yearly) a a NIST-accredited State weights and measures
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laboratory or at acdibration laboratory that is accredited by the Nationa Voluntary Laboratory
Accreditation Program (NVLAP), which is administered by NIST. The recdibration frequency isto be
determined from records of previous recalibrations of these standards.

Two separate sets of mass reference standards are recommended. Working standards should be used
for routine permestion device weighing and should be kept next to the anaytica balance in a protective
container. Laboratory primary standards should be handled very carefully and should be kept in a
locked compartment. The working standards should be compared to the laboratory primary standards
every 3 or 6 months to check for mass shifts associated with handling or contamination. The current
masses of the working standards as compared to the laboratory primary standards should be recorded
in alaboratory notebook and should be used to check the cdibration of the anaytica balance.

Always use smooth, nonmetallic forceps for handling mass reference sandards. The sandards are
handled only with these forceps, which are not used for any other purpose. Mark these forceps to
digtinguish them from the forceps used to handle permeetion devices. Handle the standards carefully to
avoid damage that may dter their masses.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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2.0 Calibration Procedures

Before a PM;, monitoring program is undertaken, al sampling and laboratory equipment must be
properly cdibrated. Cdibration is defined as the relationship between an insrumentd output and the
input of aknown reference standard. Data that are traceable to common reference standards are more
uniform in character and more readily comparable than data that are not traceable. Because PM
concentration standards are not available for determining caibration relationships, individua
components of the sampling method must be cdlibrated to ensure the integrity of reported data.

Like atotal suspended particulate (TSP) sampler, an HV PM,, sampler is essentidly a device that pulls
asample of ambient ar through afilter during a measured time period and collects particulate mass on
thefilter. Thus, to establish ambient PM,, concentrations, three independent determinations are made:
ar volume flow rate, sampling time, and particulate mass. The objective of this section isto provide
technicaly sound flow-rate cdlibration procedures for both the MFC and VFC HV PM,, samplers.

Note: Cdlibration procedures for samplers that have been designated as reference methods will aso be
provided by the manufacturer in the operation or instruction manud. These manufacturer-provided
cdibration procedures are likely to be more specific and detailed than the more generic procedures
presented herein. Also, minimum calibration requirements for the determination of particulate mass and
sample time are presented in Table 2-1.

Although it concerns TSP samplersrather than HV PM o samplers, Smith et d. (1978) provide ussful
information concerning flow-rate calibration procedures thet is gpplicable to PM,, samplers. The
American Gas Association (1992) provides useful information concerning positive displacement,
standard volume meters (e.g., Roots® Meters).

The following aspects of PM,, monitoring are discussed in this section:

« A discusson of volumetric and mass flow measurements and their gpplicability in a PM,q monitoring
program (Section 2.1)

« A certification procedure for an orifice flow-rate transfer standard (Section 2.2)

« Basic calibration procedure specific to an MFC HV PM;, sampler (Section 2.3)

« Basic cdibration procedure specific to aVFC HV PM,, sampler (Section 2.4)

« Cdlibration frequency requirements (Section 2.5).

Table 2-1 presents minimum accuracy requirements for equipment that is used in PM,, sampling.

Note: Condstency of temperature and barometric pressure unitsis required. It is recommended that al
temperatures be expressed in Kelvin (K = EC + 273). It is dso recommended that al barometric
pressures be expressed in ether millimeters (mm) mercury (Hg) or kilopascd (kPa) (but do not mix the
two units). Take care to avoid calibrating a PM ;o sampler using one set of units and then performing
sample cdculations usng another set of units.
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2.1 Discussion of Flow-Rate Measurement and General Aspects of PM;o
Sampler Calibration

AnHV PM,, sampler consgsts of two basic components. a specialy designed inlet and a flow-rate
controlling system. The particle Sze discrimination characterigtics of both the impaction and cyclonic
type inlets depend criticaly on maintaining certain air velocities within the inlet; a change in veocity will
result in a change in the nomina particle Sze collected. For thisreason, it isimperative that the flow rate
through the inlet be maintained a a congtant vaue that is as close as possible to the inlet’ s design flow
rate. The design flow rate for agiven sampler is specified in the sampler’ singruction manud. The
manua may aso provide tolerance limits (or upper and lower limits) within which the sampler flow must
be maintained. If the tolerance is not specified by the manufacturer, it should be assumed to be £10
percent. For example, if the design flow rate is specified as 1.13 m?/min with no tolerance given, the
acceptable flow-rate range would be 1.02 to 1.24 m¥/min.

Becauseitiscritica to continudly verify that the HV PM,, sampler flow rate is being maintained at
closeto theinlet design flow rate, the proceduresin this section recommend that individud average
temperature (T,,) and pressure (P,,) measurements or estimates be used for each 24-h sample period.
However, if individua pressure and temperature values for each sample period cannot be obtained,
seasonal average barometric pressure (P,) and seasond average temperature (T,) for the Ste may be
subdtituted to determine the sampler flow rate, provided that actua 24-h average temperatures at the
gte are not likely to deviate unreasonably from the seasond average temperature used for the Ste.

The cdibration proceduresin this section provide for calibration of both the sampler and the flow rate
trandfer standard in actual volumetric flow-rate units (Q,). This cdibration mode alows convenient
monitoring of the flow rate of the sampler againg its design flow rate, is condstent with most sampler
manufacturers recommendations, and isin wide use. The mass concentration of PV, in the ambient
ar iscomputed as the total mass of collected particlesin the PM,, Sze range divided by the volume of
air sampled and is expressed in micrograms per actud cubic meter (ug/n?).

2.2 Certification of an Orifice Transfer Standard

The following certification procedure is gpplicable to an orifice transfer sandard such as those that have
been used previoudy in the cdibration of TSP samplers. Two common types of orifice devices are
avallable: one equipped with a set of fixed resstance plates (e.g., a ReF device or atop-hat orifice),
and the other with an externdly variable resstance vave. The series of plates normally provided by the
orifice manufacturer includes an 18-, 13-, 10-, 7-, and 5-hole plate. Unfortunatdly, the 5-hole plate
provides too low aflow rate to be useful for HV PM,, calibration, and other plates may produce flow
rates substantidly outsde the design flow-rate range of the commercidly available HV PMy; inlets.
Agencies may opt to fabricate or procure a different series of resistance plates that will provide more
flow rates within the sampler’ s design flow-rate range or use the variable-res stance type orifice device.

2.2.1 Orifice Calibration Procedure
1. Assamblethe following equipment:
 Oirificetransfer standard (i.e., top-hat orifice, variable orifice, or ReF device) to be calibrated.
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Water or oil manometer with a 0- to 400-mm (0- to 16-in.) range and minimum scae divisons
of 2mm (0.1 in.). This manometer should be permanently associated with the orifice transfer
standard.

Variable voltage transformer (or a set of resstance plates, if avariable voltage transformer is
not avalable).

Cdlibrated positive displacement, standard volume meter (such as aRoots® Meter) traceable to
NIST.

Note: Asthey are sold, standard volume meters may not be traceable to NIST. Traceability
can be established directly through NIST, a State welghts and measures laboratory, a Nationa
Voluntary Laboratory Accreditation Program (NV LAP)-accredited calibration |aboratory, or
indirectly through the meter manufacturer’ s repair department. Periodic recertification is not
normally required under clean service conditions unless the meter has been damaged and must
be repaired. In general, damage will be indicated by a substantia (e.g., 50-percent) increasein
the pressure drop across the meter. The meter’ s tracesbility certificate should contain a graph
of the pressure drop as afunction of flow rate. See American Gas Association (1992) for
additiond information concerning sandard volume meters.

High-volume air mover (e.g., a blower motor from aHV sampler).
Accurate stopwatch.

Mercury manometer, with a 0- to 200-mm (0 to 8-in.) range and minimum scale divisons of 2
mm (0.1in.).

A thermometer cgpable of accurately measuring ambient air temperatures over arange of 0 to
50 EC to the nearest 0.1 EC. This thermometer should be tracegble with an accuracy of 0.1 EC
to aNIST-certified thermometer or an ASTM thermometer.

Barometer, capable of accurately measuring ambient barometric pressure over the range of 500
to 800 mm Hg (66 to 106 kPa) to the nearest mm Hg and referenced within £5 mm Hg of a
barometer of known accuracy at least annualy.

Orifice transfer standard certification worksheet such as shown in Figure 2.1.

2. Record on the certification worksheet the standard volume meter’s serid number; orifice transfer
sandard’ stype, mode, and serid number; the person performing the certification; and the date.

3.  Observe the barometric pressure and record it as P,
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Orifice Tansfer Standard Certification Worksheet

Date 7/22/97 Standard Volume Meter SIN: 7464318 T. 22.6 K 2056

Operator: G. Pratt  Orifice SIN: 2 P, 756.2 mm Hg

Plate or Initial Final ATime

Volts AC Volume Volume Avol (min) AHg (mm) | AH20 (in.)
1 5692 5695 3.0 3.41 18 3.0
2 5698 5701 3.0 2.75 25 4.5
3 5705 5708 3.0 2.34 32 6.0
4 5712 5715 3.0 2.00 42 8.0
5 5719 5722 3.0 1.88 48 9.0

DATA TABULATION

(x-axis) (y-axis) (x-axis) (y-axis)
Vg Qsta [AH,O (P/T )] Va Q. [AH,O (T/P )]
2.929 0.859 1.083
2.901 1.055 1.327
2.873 1.228 1.532
2.833 1.417 1.769
2.810 1.495 1.876
m = m = 1.2390
b= b = 0.0172
r= r= 0.9999
CALCULATIONS
V4 = AVol [(P, - AHQ)/760] (298/T,)* V, = Avol [P, - AHg)/P,]
Qqa = Va/ATime* Q, = V/ATime
y=mx+b y = mx +b

For subsequent flow rate calculations:
Quq = {[AH,0 (P/T)} - b} {L/m}* Q. = {[AH0 (T/P)]*? - b} {1/m}

*Note: For PM,, monitoring, a calibration curve corrected to standard conditions is unnecessary.

Figure 2.1. Example orifice transfer standard certification worksheet.
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10.

11.

Read the ambient temperature in the vicinity of the stlandard volume meter and record it as T, (K =
EC + 273).

Connect the orifice transfer tandard to the inlet of the standard volume meter. Connect the
mercury manometer to measure the pressure at the inlet of the standard volume meter. Connect
the orifice (water or oil) manometer to the pressure tap on the orifice transfer sandard. Connect a
high-volume air mover to the outlet Sde of the standard volume meter. Make sure that all gaskets
are present and are in good condition.

Check that the standard volume meter tableislevel and adjust its legs if necessary.

Check for legks by temporarily clamping both manometer lines (to avoid fluid loss) and blocking
the orifice with alarge-diameter rubber stopper, wide duct tape, or other suitable means. Start the
high-volume ar mover and note any change in the standard volume meter’ s reading.

Caution: Avoid running the sampler for longer than 30 s a atime with the orifice blocked. This
precaution will reduce the chance that the motor will be overhested due to the lack of cooling air.
Such overheating can shorten the motor’ slifetime. It can raise temperatures to the point of
defeating the dectrica insulation which could result infire or dectric shock to the user.

The standard volume meter did reading should remain congtant. If the reading changes, locate any
leaks by ligening for awhigtling sound and/or retightening al connections, making sure thet al
gaskets are properly installed.

Note: The leak-test procedure described above is one of several aternate procedures that may
be used. Operating agencies may develop their own procedures.

After satisfactorily completing the lesk check, turn off the high-volume air mover, unblock the
orifice, and unclamp both manometer lines. Zero the water and mercury manometers by diding
their scales o that their zero lines are even with the bottom of the meniscuses.

Turn on the high-volume air mover. Adjust the variable voltage transformer to achieve an
appropriate flow rate (i.e., within the gpproximate range of 0.9 to 1.3 m*/min [32 to 46 ft3min)). If
necessary, use fixed resistance plates or the variable resistance vave to achieve the appropriate
flow rate. The use of fixed resstance platesis discouraged (but not prohibited) because the lesk
check must be repeated each time aplate is ingtaled.

After setting aflow rate, dlow the system to run for at least 1 min to attain a constant motor speed.
Observe the standard volume meter did reading and Smultaneoudy start the stopwatch. Error in
reading the meter did can be minimized by starting and stopping the stopwatch on whole number
dia readings (e.g., 4091.00).

Record theinitid volume that the meter diad was indicating when the stopwatch was sarted.
Maintain this constant flow rate until at least 3 ¥ of air has passed through the standard volume
meter. Record the standard volume meter’ s inlet pressure manometer reading as AHg, and the
orifice manometer reading as AH,O. Be sure to indicate the correct units of measurement. If
AH,0 changes significantly during the run, abort the run and start again.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.2.0 Calibration Procedures September 1997  Page 7 of 26

12.

13.

14.

15.

16.

17.

18.

19.

When at least 3 P of air has passed through the system, note the standard volume meter reading
and smultaneoudy stop the stopwatch. Record the find volume that the meter did was indicating
when the stopwatch was stopped. Record the el apsed time (ATime) indicated on the stopwatch.

Calculate the volume measured by the standard volume meter (AVol) using Equation (1) and
record

AV = Find volume- Initid volume. (1)
Correct this volume to ambient atmospheric pressure
V,=AVol(P, - AHg)/P, 2
where
V, = actua volume at ambient barometric pressure, n?
AVol = actud volume measured by the standard volume meter, m?

P, = ambient barometric pressure during calibration, mm Hg (or kPa)
AHg = differentid pressure at inlet to volume meter, mm Hg (or kPa).

Cdculate the actud volumetric flow rate (m?/min)
Q.= V/ATime 3
where

Q, = actud volumetric flow rate through the orifice, m¥/min
V, = actud volume at ambient barometric pressure, m?
ATime = dagpsed time, min.

Repeat Steps 9 through 15 for at least four additiond flow rates within the approximate range of
0.9 to 1.3 m*/min (32 to 46 ft3min). At leadt five evenly didtributed different flow rates are
required, and at least three flow rates must be in the specified inlet flow-rate interva (1.02 to 1.24
m/min [36 to 44 ft3min]). Better cdibration precision may be obtained by running additiond flow
rates or repeating the flow rates.

For each flow, compute [(AH,0)(T/P.)]*2, and plot these values against the corresponding values
of Q.. Draw the orifice transfer tandard’s certification curve. For the modd [(AH,O)(T/P.)]Y? =
m(Q,) + b, calculate the linear least-squares regression’s dope (M), intercept (b), and correlation
coefficient (r) of the certification relationship. Plot the regression line on the same graph asthe
calibration data. A certification graph should be readable to 0.02 m¥/min.

If any calibration point does not fal within £2 percent of the line, rerun that point, recaculate, and
replot.

For subsequent use of the orifice transfer stlandard, caculate Q, from the calibration rdaionship
as.

Qa (orifice) = {[(AH,O)(T/P,)]"* - b} { 1/m} (4)

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.2.0 Calibration Procedures September 1997  Page 8 of 26

where

Q, (orifice) = actua volumetric flow rate as indicated by the orifice transfer standard,
mé/min
AH,O = pressure drop across the orifice, mm (or in.) H,O

T, = ambient temperature during use, K (K = EC + 273)

P, = ambient barometric pressure during use, mm Hg (or kPa)
b = intercept of the orifice calibration relationship

m = dope of the arifice cdibration rdaionship.

2.2.2 Orifice Transfer Standard Calibration Frequency

Upon receipt and at |-yr intervals, the cdibration of the orifice transfer standard should be certified with
astandard volume meter (such as a Roots® Meter) traceable to NIST. An orifice transfer standard
should be visudly ingpected for signs of damage before each use and should be recdibrated if the
ingpection reveds any nicks or dents.

2.3 Basic Calibration Procedure for a Mass-Flow-Controlled (MFC) Sampler Using
an Orifice Transfer Standard

The MFC sampler cdibration procedure presented in this section relates known flow rates to the
pressure in the exit orifice plenum. The known flow rates are determined by an orifice transfer sandard
that has been certified according to the procedure presented in Section 2.2.1. The exit orifice plenum is
the area within the motor housing (below the motor unit) that contains the air flow just beforeit is
exhausted to the atmosphere through the exit orifice. It is recommended that this exit orifice plenum
pressure be measured with a 25-cm (10-in.) water or oil manometer. It is further recommended that
each sampler should have its own dedicated manometer, which can be conveniently mounted to the
sde of the sampler housing. Other types of pressure measurement devices may be used provided they
have comparable accuracy. However, the 4-in. continuous pressure (flow) recorders of the type often
supplied with HV PM,, samplers are generdly not sufficiently accurate and are not recommended for
quantitative sampler pressure or flow measurements. These flow recorders should be used only for
nonguantitative determination that the flow was gpproximately constant and uninterrupted over the
sample period. The flow recorder may be connected in parald with the manometer or other pressure
measuring device, usng atee or “Y” tubing connection.

Note: Because flow recorders are till in wide use for quantitative flow measurements, the cdibration
procedure includes specific ingructions for quantitatively caibrating a flow recorder. These flow
recorder ingdtructions are enclosed in brackets [ ] and should be used only when a manometer or other
pressure measurement device cannot be used.

For this MFC cdibration procedure, the following conditions are assumed:
» TheHV PM,, sampler is equipped with amass flow controller to control its sample flow rate.

» The sampler flow rate is measured by measuring the exit orifice plenum pressure, usng awater or oil
manometer [or, if necessary, a continuous flow-recording device using square-root-scale chart
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paper].
« The sampler inlet is designed to operate at an actua volumetric flow rate of 1.13 m?/min, and the
acceptable flow-rate range is +10 percent of thisvalue.

» Thetrandfer standard for the flow-rate cdibration is an orifice device equipped with either a series of
resstance plates or an integra variable-resstance vave. The pressure drop acrossthe orificeis
mesasured by an associated water or oil manometer.

» The sampler will be cdibrated in actud volumetric flow-rate units (Q,), and the orifice transfer
sandard isaso cdibrated in Q,, as specified in Section 2.2.

2.3.1 Calibration Equipment
1. Orificetransfer standard with caibration traceable to NIST (see Section 2.2).

Note: The predrilled resistance plates supplied with the orifice transfer sandard may have to be
modified for the cdibration of PM;, samplers. The holes in the plates may have to be enlarged or
additiond holes may have to be drilled to obtain flow rates within the acceptable range.
Alternatively, new resistance plates could be purchased if they are available.

2.  Anassociated water or oil manometer, with a 0- to 400-mm (0- to 16-in.) range and a minimum
scdedivison of 2mm (0.11in.).

3. A water or oil manometer, with a0- to 200-mm (0- to 8-in.) range and aminimum scale divison
of 2mm (0.1 in.) for measurement of the sampler exit orifice plenum pressure. This manometer
should be associated with the sampler.

Note: Manometers used for field cdibration may be subject to damage or mafunction and should
thus be checked frequently.

4. A thermometer capable of accurately measuring ambient air temperatures over arange of 0 to
50 EC to the nearest 0.1 EC. This thermometer should be traceable with an accuracy of 0.1 EC to
aNIST-certified thermometer or an ASTM thermometer.

5. A portable aneroid barometer (e.g., aclimber’s or engineer’ s dtimeter) capable of accurately
measuring ambient barometric pressure over the range of 500 to 800 mm Hg (66 to 106 kPa) to
the nearest mm Hg and referenced within £5 mm Hg of a barometer of known accuracy & least
annualy.

6. Miscelaneous handtoals, calibration data sheets or station logbook, and 51-mm (2-in.) duct tape.

2.3.2 Multipoint Flow-Rate Calibration Procedure—MFC Sampler

The procedure presented here is basic and generic, given the assumptions for the MFC calibration
procedure listed above.. There may be more detailed calibration procedures, variations, or aternative
cdibration procedures presented in the manufacturer’ s ingtruction manud. It is recommended that the
manua be reviewed carefully and that the various caibration variations or aternative procedures be
evaluated.
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In-house equipment and personnd, procedura smplicity and uniformity, and subsequent data
goplications should be consdered in establishing the specific, detailed cdibration procedure to be
implemented.

Caution: Do not attempt to calibrate the MFC sampler under windy conditions. Short-term wind
velocity fluctuations will produce varigble pressure readings by the orifice trandfer sandard's
manometer. The calibration will be less precise because of the pressure variations.

1. Setupthecdibration sysem as recommended by the manufacturer. Figure 2.2 illugtrates the
cdibration configuration of atypical MFC sampler. MFC samplers are calibrated without a filter
or filter cassette ingtalled.

2. Disconnect the motor from the flow controller and plug it directly into a stable line voltage source
(i.e, the sampler’ s on-off timer, if SO equipped, or other source of the line voltage).

3. Ingdl the orifice transfer gandard and its adapter faceplate on the sampler. Check al gaskets and
replace any questionable ones.

Caution: Tighten the faceplate nuts evenly on dternate corners to properly dign and sedt the
gaskets. The nuts should be only hand-tightened because too much compression can damage the
sedling gasket.

4. Sdect thefirgt cdibration flow rate and ingtal the appropriate res stance plate or adjust the
varidble orifice vave. At least four flow rates are required to define the calibration relationship.

10 7 5
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Figure 2.2. MFC sampler calibration equipment.
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At least three flow rates should be within (or nearly within) the acceptable flow-rate range (i.e,
1.02 to 1.24 m?/min) for the sampler inlet. For resistance plate orifices, make sure that the orifice
and resistance plate gaskets are in place and the orifice is not cross-threaded on the faceplate.

5. Conduct alesk test by blocking the orifice with alarge-diameter rubber stopper, wide duct tape,
or other suitable means. Sedl the pressure port with arubber cap or smilar device. Turn on the
sampler.

Caution: Avoid running the sampler for longer than 30 s a atime with the orifice blocked. This
precaution will reduce the chance that the motor will be overhested due to the lack of cooling air.
Such overheating can shorten the motor’ s lifetime. It can raise temperatures to the point of
defeeting the dectrica insulation, which could result in fire or eectric shock to the user.

Gently rock the orifice transfer standard and listen for awhistling sound that would indicate alesk
in the system. A leak-free system will not produce an upscale response in the sampler’ s exit orifice
manometer or flow recorder. Leaks are usually caused either by adamaged or missing gasket
between the orifice trandfer standard and the faceplate or by cross-threading of the orifice transfer
standard on the faceplate. All lesks must be eliminated before proceeding with the cdibration.
When the system is determined to be lesk-free, turn off the sampler and unblock the orifice.

Note: The leak test procedure described above is one of severa aternate procedures that may be
used. Operating agencies may develop their own procedures.

6. Inspect the connecting tubing of both manometers for crimps or cracks. Open the manometer
vaves (if present) and blow gently through the tubing, watching for the free flow of the fluid.

Adjust the manometers diding scales so that their zero lines are a the bottom of the meniscuses.
Connect the orifice transfer slandard manometer to the orifice transfer standard. Connect the
sampler’ s exit orifice manometer [and the continuous flow recorder, if used] to the exit orifice
plenum port. Ensure that one side of each manometer is open to atmospheric pressure. Make sure
that the tubing fits snugly on the pressure ports and on the manometer.

7. [If acontinuous flow recorder isto be used quantitatively in lieu of a manometer, record the Site
location, sampler S/N, date, and the operator’ sinitias on the blank side of a clean recorder chart.
Make sure the chart has a square-root scale. Open the front door of the sampler and ingtal the
clean recorder chart.]

8. Read and record the following parameters on the HV PM,, data sheet. Figure 2.3 presents an
example calibration data sheet for the MFC sampler.

» Date, location, and operator’s sSignature
o Sampler /N and model
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MFC Sampler Calibration Data Sheet

Station Location Milford, NC Date 10/15/97 Time 0900
Sampler Model GMW S/N 1297 Operator D. Palmer
P, 762 mm Hg, T, 19.4 ECor 292.4 K, Unusual conditions: None
P 743 ~mmHg, T 8.7 ECor 2817 K,
Orifice S/N 2 Orifice Calibration Date 7/22/97
Orifice calibration relationship: m = 1.2390 b= 0.0172 r= 0.9999
) Y-Axis":
X-AXxis = Sampler AP, Sampler AP.°
Q,(orifice) flow (in. H,0) [or | for [or It for flow
Plate Number Total AH,O (in.) rate (m3/min)® flow recorders]® recorders]®
1 8.34 1.430 5.8 1.57
2 7.55 1.360 5.4 151
3 6.59 1.270 4.7 141
4 5.80 1.190 4.4 1.36
5 4.61 1.060 3.6 1.23

aSeasonal average T, and P,

bQ, (orifice) = {[(AH,0) (T/P )2 - b} {L/m}.

AP, = {AP (T, + 30)/P,)]*2.

9t = [I] [(T, + 30)/P_]"2 if a flow recorder is used (and square root chart paper).

Sampler Calibration Relationship (Q, on x-axis; AP, or [it] on y-axis):
AP,, = m[Q,(Orifice)] + b or it = m[Q, (Orifice)] + b

m= 0.9137 b="0.2629 r=0.9979

For subsequent calculation of sampler flow rate:

Q, ={Imean AP, (T,, + 30)/P,]*? - b} {1/m}

or Q_a: {mean | [(T,, + 30)/P,]"? - b} {1/m} if a flow recorder is used (and square root chart paper).

Today’s sampler set point (SSP) 3.97 Seasonal SSP 4.00

SSP = [P/(T + 30)] [m(1.13) + b]?
or SSP = [P/(T + 30)]¥2 [m(1.13) + b] for flow recorders

Figure 2.3. Example MFC sampler calibration data sheet.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.2.0 Calibration Procedures September 1997  Page 13 of 26

10.

11.

12.
13.
14.

»  Ambient barometric pressure (P,), mm Hg or kPa
»  Ambient temperature (T,), K (K = EC + 273).
* Orifice SN and cdibration relationship.

Note: Sampler flowrates for subsequent sampling periods may require adjustment for day-to-day
vaiationsin T, and P,. When such adjustments are necessary, adjustment on an individua or daily
basisis preferable. However, the seasonal average temperature (T,) and the seasond average
pressure (P,) may be incorporated into the sampler cdibration to avoid daly adjustments. Consult
the sampler’ singruction manua for additiona guidance.

Note: Congstency of temperature and barometric pressure unitsis required. It is recommended
that al temperatures be expressed in Kelvin (K = EC + 273). It is a so recommended that al
barometric pressures be expressed in either mm Hg or kPa (but do not mix the two units). Take
careto avoid cdibrating a PM,, sampler usng one set of units and then performing sample
caculaions usng another st of units. Idedly, the temperature of the air in the exit orifice plenum
should be measured because it will be somewhat higher than ambient temperature. However, an
adequate approximation of this temperature may be obtained by adding 30 K to the ambient
temperature. This addition isincorporated in the caculations given in Section 2.3.3.

Turn on the sampler and alow it to warm up to operating temperature (3 to 5 min). Then, read
and record the orifice tranfer sandard’ s manometer deflection, AH,O (in. H,0), and the
corresponding sampler’ s manometer deflection, A, [or flow recorder chart reading, 1].

Note: The sampler inlet may be partidly lowered over the orifice transfer Sandard to act asa
draft shidd (if ashield is not otherwise provided). Use ablock to provide at least 2 in. of clearance
a the bottom for air flow and for the manometer tubing.

Ingtall the other resstance plates or adjust the variable orifice vaue to obtain each of the other
cdibration flow rates and repeat Step 9 for each. At least four cdibration flow rates are required,
with at least three in the acceptable flow-rate range (i.e., 1.02 to 1.24 m?/min).

Plot the cdibration data on a sheet of graph paper as specified in Step 4 in Section 2.3.3.

Note: The data should be plotted in the fidld as the calibration is occurring, rather than afterwards
back at the |aboratory.

Repeat Step 9 for any data that are questionable on the plot. Running additiona calibration points
at differing flow rates or repegting the calibration points at the same flow rates is encouraged to
improve the precison of the cdlibration.

Turn off the sampler and remove the orifice transfer sandard.
Reconnect the sampler motor to the flow controller.

Perform the cdibration caculations presented in Section 2.3.3. The data generated will be used to
st the mass flow controller (Section 2.3.4) to avaue that will result in optima volumetric flow
based on the seasond average temperature and barometric pressure at the monitoring Ste.
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2.3.3 Calibration Calculations

Gather together dl the cdlibration data, including the orifice cdibration information, the sampler
cdibration data sheet [and, if used, the flow recorder chart, which should graphicdly display the various
cdibration flow rates].

Note: These caculations should be done at the time of the cdibration, rather than later. This approach

will dlow additiona cdibration points to be taken if questions arise about the data that have aready
been obtained.

1. Veify that the orifice transfer stlandard calibration rdationship is current and tracegble to an
acceptable primary standard.

2. Cdculate and record Q, for each cdibration point from the orifice cdibration information and
Equation (4):
Q. (orifice) = {[AH,O(T/P,)] "% - b} {1/m} (4)
where

Q, (orifice) = actud volumetric flow rate as indicated by the transfer standard orifice,
me/min
AH,O = pressure drop across the orifice, mm (or in.) H,O

T, = ambient temperature during use, K (K = EC + 273)
P, = ambient barometric pressure during use, mm Hg (or kPa)
b = intercept of the orifice cdibration relationship

m = dope of the orifice cdibration relationship.

3. Cdculate and record the quantity AP, for each calibration point as:

AP, = [AP,(T+30)/P]¥? (5)
where
AP,,, = transformed manometer reading
AP, = sampler manometer reading, mm (or in.) H,O
T, = ambient temperature, K (K =EC + 273)

P, = ambient barometric pressure, mm Hg (or kPa).

[If a continuous flow recorder is used quantitetively, caculate and record the quantity It asfollows:
It = 1[(T+30)/P,]"2 (5a)
where

It = transformed flow recorder chart reading
| = flow recorder chart reading, arbitrary units on square root scae]

Note: If recorder charts with linear scales are used, substitute (1) for | in Equation (5a).
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4. Onashest of graph paper, plot the caculated Q,(orifice) flow rates on the x-axis vs. the
transformed sampler manometer response, AP, [or the transformed flow recorder reading, It] on
the y-axis.

Because the determination of the sampler’ s average operationd flow rate (Q,) during asample
period depends on the ambient average temperature and pressure, use of a graphic plot of the
cdibration relationship is not recommended for subsequent data reduction. This plot is used only to
visually assess the cdlibration points to seeif any should be rerun.

Plot the regression line on the same graph paper asthe cdibration data. For the regression model
y=mx +b, ley = AP, and x = Q, (orifice) so that the modd is given by:

AP, = m[Q, (orifice)] +b. (6)
[For the flow recorder, the modd is:
It =m[Q,(orifice)] +b. (68)]

Using a programmable caculator or a caculation data form, determine the linear regression dope
(m), intercept (b), and corrdation coefficient (r) and record them on the data sheet. A five-point
cdibration should yield aregresson equation with a correlation coefficient of r > 0.990, with no
point deviating more than +0.04 m?/min from the value predicted by the regression equation. Plot
the regression line on the same graph paper that has the individud cdibration points.

5. For subsequent sample periods, the sampler’ s average actud operationa flow rate, Ta is
cdculated from the calibration dope and intercept usng Equation (7):

Q, " f[AP_(T_%30)/P_1*? & b 6Lm> )
where
Q, = thesampler'saverage actua flow rate, m*/min
AP_ = average of initid and find sampler manometer readings, (AP% + APexf)/Z, mm (or

in.) H,0O
T, = average ambient temperature for the sample period, K (K = EC + 273)
P, = average ambient pressure for the sample period, mm Hg (or kPa)
b = intercept of the sampler cdibration relationship
m = dope of the sampler cdibration relationship.

[For the flow recorder,

Q, " T[(T %30)/P_1"% & b> §1/m> (73)

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.2.0 Calibration Procedures September 1997  Page 16 of 26

where

T = average flow recorder reading for the sample period]
If recorder charts with linear scales are used, substitute (1)Y2 for (1) in Equation (7a).

2.3.4 Mass Flow Controller Adjustment Procedure

Because the controlled flow rate of an MFC sampler is adjustable, it must be set to the proper flow rate
for the inlet. The constant mass flow maintained by the MFC causes the actud volumetric flow rate
through the inlet to fluctuate as the ambient temperature and barometric pressure change a the
monitoring Ste. Normdly, the range of these fluctuationsis within the dlowable tolerance limits for the
inlet. However, the flow-rate set point of the mass flow controller must be correctly adjusted so that the
deviations are “centered” with respect to the seasond average temperature and barometric pressure at
the Site, not the temperature and pressure prevailing at the time of setting.

Set the mass flow controller asfollows:

1. Determine the seasond average temperature (T,) and seasonal average pressure (Py) a the Site
and record them on the cdlibration data sheet. (Determination of the number of “seasons” i.e, the
number of different seasond average temperatures needed for the year, isleft to the discretion of
the local agency.)

2. Cdculate and record on the sampler’ s cdibration data sheet the sampler set-point (SSP) mano-
meter reading [or flow recorder reading].

SSP = [P/(T, + 30)][m(1.13) + b]? 8)
where

SSP = sampler set-point manometer reading, mm (or in.) H,O
P, = ambient barometric pressure, mm Hg (or kPa)
T, = ambient temperature, K (K = EC + 273)
m = dope of the sampler’s cdibration rdlationship
1.13 = sat-point flow rate (SFR), m*/min
b = intercept of the ssmpler’s cdlibration relationship.
[For the flow recorder,
SSP=[m(1.13) + b] [P/(T+30)]¥2 (83a)]
3. Repest thiscdculaion usng T, and P to obtain the seasonal SSP.

4. Visudly check to make sure the motor is connected to the mass flow controller and the
manometer is properly connected.

5. Ingdl acleanfilter (in afilter cassette) in the sampler according to the manufacturer’ s ingtructions.

[If the continuous flow recorder is used quantitetively, ingtal aclean chart and verify thet the
recorder is zeroed (i.e., the pen rests on the innermost circle of the chart).]
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6. Turnon the sampler and alow it to warm up to operating temperature (3 to 5 min).

7. Following the manufacturer’ singructions, adjust the mass flow controller until the manometer
reading [or flow recorder response] indicates the SSP as calculated in Step 3.

8. Vaeify that the flow controller will maintain this flow rate for a least 10 min. Turn off the sampler.

9. Thesampler can now be prepared for the next sample run day.

2.4 Basic Calibration Procedure for a Volumetric-Flow-Controlled (VFC) Sampler
Using an Orifice Device

The VFC sampler calibration procedure presented in this section relates known flow rates (Q,, as
determined by an orifice transfer standard) to the ratio of the stagnation pressure to the ambient
barometric pressure (P,/P,). The stagnation pressure (P,) isthe air pressure ingde the sampler in the
areajust under the filter. VFC samplers have a stagnation pressure tap or port through which the
stagnation pressure can be measured. A VFC sampler may aso have an exit orifice below the motor
amilar to those in MFC samplers. In this case, the sampler flow rate could be measured and cdibrated
using the exit orifice plenum pressure as described in Section 2.3. However, the use of the stagnation
pressure generdly provides a more accurate indication of sampler flow rate. Additionaly, a continuous
flow recorder may be connected to the exit orifice pressure tap for nonquantitative determination that
the flow rate was congtant and uninterrupted over the sample period.

It is recommended that the stagnation pressure be measured with a 0- to 1,000-mm (0- to 36-in.) oil or
water manometer (to avoid the hazards of a mercury manometer).

It is further recommended that each sampler has its own dedicated manometer, which can be
conveniently mounted to the Side of the sampler housing. Other types of pressure measurement
instruments may be used provided they have comparable accuracy. However, the 4-in. continuous
pressure (i.e., flow) recorders often supplied with HV PM,, samplers are generaly not sufficiently
accurate and are not recommended for quantitative sampler pressure or flow-rate measurements.

The VFC sampler’ s flow control system is a choked-flow venturi. It must be precisdly szed for agiven
average annua temperature and pressure because the operationd flow rate cannot be adjusted by the
user. Therefore, the purchasing agency should notify the manufacturer of the oper ational location of
the sampler; differences in temperature and pressure between the shipping address and the monitoring
ste may result in an incorrect operationa flow rate. As with the MFC sampler, it will be necessary to
determine or estimate both the ambient temperature and barometric pressure readings during the
sample period for the subsequent caculation of total sample volume in standard volume units.

For this VFC calibration procedure, the following conditions are assumed:
» The VFC sampler uses a choked-flow venturi to control the actual volumetric flow rate.

» The sampler flow rate is measured by measuring the stagnation pressure ratio, and the sampler is not
equipped with a continuous flow recorder.
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« The sampler inlet is designed to operate a a congtant actua volumetric flow rate of 1.13 m*min, and
the acceptable flow-rate range is £10 percent of this vaue.

» Thetrander sandard for the flow-rate cdibration is an orifice device equipped with either a series of
resistance plates or an integra variable-resstance vave. The pressure drop across the orificeis
measured by an associated water or oil manometer.

» The sampler will be calibrated in actud volumetric flow-rate units (Q,), and the orifice transfer
standard isdso cdibrated in Q,, as specified in Section 2.2.

2.4.1 Calibration Equipment
1. Orificetransfer standard with proper cdlibration traceable to NIST (see Section 2.2).

Note: The predrilled resstance plates supplied with the orifice transfer sandard may have to be
modified for the cdibration of PM;, samplers. The holes in the plates may have to be enlarged or
additiona holes may have to be drilled to obtain flow rates within the acceptable range.
Alternatively, new resistance plates could be purchased if they are available.

2. Anassociated water or oil manometer, with a 0- to 400-mm (O- to 16-in.) range and minimum
scdedivisons of 2 mm (0.1 in.) for measurement of transfer tandard pressure.

3. Anoail or water manometer, with a0- to 1,000-mm (0- to 36-in.) range and minimum scale
divisonsof 2 mm (0.1in.) or other pressure measurement device for measurement of the sampler
stagnation pressure. Idedlly, this manometer (or other pressure instrument) should be associated
with the sampler.

Note: Manometers used for field cdibration may be subject to damage or mafunction and should
thus be checked frequently.

4. A thermometer capable of accurately measuring ambient air temperatures over arange of 0 to
50 EC to the nearest 0.1 EC. This thermometer should be traceable with an accuracy of 0.1 EC to
aNIST-certified thermometer or an ASTM thermometer.

5. A portable, aneroid barometer (e.g., aclimber’ s or engineer’s dtimeter), capable of accuratey
measuring ambient barometric pressure over the range of 500 to 800 mm Hg (66 to 106 kPa) to
the nearest millimeters of mercury and referenced within £5 mm Hg to a barometer of known
accuracy a least annudly.

6. Cdibration data sheets or the station logbook and 51-mm (2-in.)-wide duct tape.
7. A deanfilter.

2.4.2 Multipoint Flow-Rate Calibration Procedure—VFC Sampler

The procedure presented hereis basic and intended to be generic, given the assumptions for the VFC
calibration procedure listed above. There may be more detailed cdibration procedures, variations, or
dternative calibration procedures presented in the manufacturer’ singruction manud. It is
recommended that the manua be reviewed carefully and that the various cdibration variations or
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aternative procedures be eval uated.

In-house equipment and personnd, procedura smplicity and uniformity, and subsequent data
gpplications should be consdered in establishing the specific, detailed caibration procedure to be
implemented.

Note: The cdibration of some VFC samplers may be affected by changesin line voltage, particularly if
the line voltage is below norma (normal is about 115 VAC). For this reason, VFC samplers should
aways be cdibrated a the monitoring Ste. Further, if the line voltage at the siteislow and likdy to
fluctuate Ssgnificantly, aline voltage booster or regulator may be advisable. Also, be sure that
replacement blower motors are of the correct type. Avoid the use of lower-amperage blower motors
that are intended for usein HV TSP samplers.

Caution: Do not attempt to calibrate the VFC sampler under windy conditions. Short-term velocity
fluctuations will produce varigble pressure readings by the orifice transfer sandard’ s manometer. The
cdibration will be less precise because of the pressure varigtions.

1. Setupthecdibration syssem as recommended by the manufacturer. Figure 2.4 illugtrates the

0-400 mm H,0
Manometer
(0-16in.)

Resistance Plates

08HHE

0-1000 mm H ,0
Manometer
(0-36in.)

—— Calibration Orifice
— Orifice Adaptor Plate

Filter Paper
Cartridge/Cassette

Stag nation"’H
Pressure Por

Figure 2.4. Calibration assembly of the VFC sampler.
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cdibration configuration of atypica VFC sampler. The VFC sampler manufacturer may specify
that the sampler be cdibrated with afilter ingtdled, which generaly precludes cdibration flow rates
higher than norma operating flow rate. Additiona calibration flow rates obtained without afilter
may be appropriate, as discussed in Step 8.

2. Ingal the orifice transfer standard and its adapter faceplate on the sampler; first ingpect al gaskets
and sedls and replace any doubtful ones.

Caution: Tighten the faceplate nuts evenly on dternate cornersto properly dign and uniformly
seet the gaskets. The nuts should be hand-tightened only; too much compression can damage the
sedling gasket.

3. Sdect acdibration flow rate and ingtal the appropriate resistance plate (or no plate) or adjust the
varidble resstance valve. At least four flow rates are required to define the cdibration relationship.
At least three flow rates should be within the acceptable flow-rate range (i.e., 1.02 to 1.24 m?/min)
for the sampler inlet. For resstance plate orifices, make sure the orifice and resistance plate
gaskets are in place and the orifice is not cross-threaded on the faceplate.

4. Conduct alesk test by blocking the orifice with alarge-diameter rubber stopper, wide duct tape,
or other suitable means. Sed both orifice and stagnation pressure ports with rubber caps or smilar
devices. Turn on the sampler.

Caution: Avoid running the sampler for longer than 30 s a atime with the orifice blocked. This
precaution will reduce the chance that the motor will be overheated due to the lack of cooling air.
Such overheating can shorten the motor’ s lifetime, It can raise temperatures to the point of
defeating the dectrica insulation, which could result in fire or eectric shock to the user.

Gently rock the orifice transfer sandard and listen for awhistling sound that would indicate alesk
in the system. Leaks are usudly caused ether by a damaged or missing gasket between the orifice
transfer standard and the faceplate or by crossthreading of the orifice transfer standard on the
faceplate. All leaks must be eliminated before proceeding with the cdibration. When the sysemiis
determined to be lek-free, turn off the sampler and unblock the orifice.

Note: Theleak test procedure described above is one of many dternate procedures that may be
used. Operating agencies may develop their own procedures.

5. Ingpect the connecting tubing of the manometers for crimps or cracks. Open the manometer valves
(if present) and blow gently through the tubing, watching for the free flow of the fluid.

Adjust the manometers diding scales so that their zero lines are a the bottom of the meniscuses.
Connect the trandfer sandard manometer to the transfer slandard and the sampler stagnation
pressure manometer (or other pressure instrument) to the stagnation pressure port. Ensure that one
Sde of each manometer is open to amospheric pressure. Make sure the tubing fits snugly on the
pressure ports and on the manometers.

6. Read and record the following parameters on the VFC Sampler Data Sheet. Figure 2.5 presents
an example cdibration data sheet for the VFC sampler.
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VFC Sampler Calibration Data Sheet

Station Location Glendora, CA Date 9/30/97  Time 2:30 PM
Sampler Model Wedding S/IN  0340870172P  Operator T. Wisbeth
P, 75 mmHg T, 222EC 2052K Unusual Conditions none
5
Orifice SIN 2 Orifice Calibration Date 7/22/97
Orifice Calibration Relationship: m= 1.2390 b= 0.0172 r= 0.9999
) ) ) Qa.(orifice) | q_(orifice)
AH,O APy P, =P,- APy, P./P, flow rate® —
Plate No. (in.) (mm Hg)? (mm Hg) (mm Hg) (m3/min) [T
None 5.5 33.34 721.66 0.9558 1.17
18 5.1 42.86 712.14 0.9432 1.13
13 4.9 49.40 705.60 0.9346 1.10
10 4.5 60.79 694.20 0.9195 1.06
Operational Flow Rate 26.20 728.80 0.953 -
mm Hg = 25.4 (in. H,0/13.6). Qa (sampler)
bQ, (orifice) = 1/m {[(AH,0) (T./P)]*? - b}. Q. (Lookup %
(orifice) Table) Difference®
_ Q,(sampler) & Q, (orifice) 1.17 1.154 1.4
¢ % Difference * [100] — .
Q (orifice) 1.13 1.115 1.3
Sampler Calibration Relationship

(\72 Lookup Table Validated (i.e., % difference # 4)

G New calibration relationship
. Q,(orifice)

(X [T ]1/2

, Y " (PJ/P)

m= b= c=

For subsequent calculation of sampler flow rate:
Q. ={[(P/P,,)- bl [T.J*?} {1/m}

Operational Flow Rate 1 181 m3/min

Figure 2.5. Example VFC sampler calibration data sheet.
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» Date, location, and operator’s signature

e Sampler /N and modéel

» Ambient barometric pressure (P,), mm Hg (or kPa)

o Ambient temperature (T, ECand K (K = EC + 273)
* Orifice SN and cdibration relationship.

Note: Congstency of temperature and barometric pressure unitsis required. It is recommended
that al temperatures be expressed in Kelvin (K = EC + 273). It is a so recommended that all
barometric pressures be expressed in either mm Hg or kPa (but do not mix the two units). Take
careto avoid cdlibrating a PM,, sampler using one st of units and then performing sample
cdculaions usng another st of units.

7. Turnon the sampler and alow it to warm up to operating temperature (3 to 5 min).

Note: The sampler inlet may be partialy lowered over the orifice transfer sandard to act asa
draft shidd (if ashield is not otherwise provided). Use ablock to provide et least 2 in. of clearance
at the bottom for air flow and for the manometer tubing).

Then, read and record the orifice transfer sandard’s manometer reading, AH,O, and the
corresponding sampler relative stagnation pressure manometer reading, APy, on the data sheet.
(Relative stagnation pressure is a negative pressure [i.e., avacuum| relative to aamospheric
pressure as measured by a manometer with one leg open to the atmosphere.)

Note: Be sure to convert AP, to millimeters Hg using Equation (9) before recording the reading
on the calibration data shest:

mm Hg =25.4 (in. H,0/13.6) . 9)

8. Ingdl the other resstance plates or adjust the variable orifice value to obtain each of the other
cdibration flow rates and repeat Step 7 for each. At least four cdibration flow rates are required,
with at least three in the acceptable flow rate range (i.e., 1.02 to 1.24 m?/min).

Difficulties may be encountered in obtaining flow ratesin the acceptable range. Even with modified
resistance plates (or with no plates) ingtdled, it may be impossible to obtain three acceptable flow
rates with afilter mounted on the sampler. In this case, elther lower flow rate cdibration points
must be used and the cdibration must be extrapolated into the acceptable range, or additiona
cdibration points must be run without afilter ingdled in the sampler. If additiona cdibration points
are obtained without afilter, they should be examined carefully to make sure they are consstent
with the cdlibration points obtained with afilter (i.e, they fdl on a smooth curve through dl the
cdibration points).

9. Plot the cdlibration data on a sheet of graph paper as specified in Step 5 in Section 2.4.3.

Note: The data should be plotted in the fidld as the calibration is occurring, rather than afterwards
back at the laboratory.
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Repest Step 7 for any data that are questionable on the plot. Running additiona calibration points
a differing flow rates or repeating the caibration points at the same flow rates is encouraged to
improve the precison of the cdibration.

10. Turn off the sampler and remove the orifice transfer sandard.

11. Ingal adean filter on the sampler in the normd sampling mode (use afilter casstteif oneis
normaly used). Turn on the sampler and dlow it to warm up to operating temperature.

12. Read the relative stagnation pressure asin Step 7 and record it on the data sheet in the row for the
operationd flow rate.

13. Perform the cdibration caculations presented in Section 2.4.3.

2.4.3 Calibration Calculations

Gather together dl the cdibration data, including the orifice transfer sandard’ s calibration information
and the sampler cdibration data shedt.

Note: These cdculations should be done at the time of the calibration, rather than later. This approach
will alow additiona cdibration pointsto be taken if questions arise about the data that have aready
been obtained.

1. Veify that the orifice transfer standard calibration reationship is current and tracegble to an
acceptable primary standard.

2. Calculate and record Q.(orifice) for each cdibration point from the orifice cdibration information
and Equation (4):

Q(orifice) = { [AH,O(T/PJ]¥* - b} {1/m} 4
where

Q, (orifice) = actud volumetric flow rate as indicated by the transfer standard orifice,
me/min
AH,O = pressure drop across the orifice, mm (or in.) H,O

T, = ambient temperature during use, K (K = EC + 273)
P, = ambient barometric pressure during use, mm Hg (or kPa)

b = intercept of the orifice transfer sandard' s cdibration relationship
m = dope of the orifice transfer standard’ s calibration relationship.

3. Cdculate and record the vaue of the absolute stagnation pressure, Py, for each cdibration point:
P, = P,- APy, (10)
where

P, = absolute stagnation pressure, mm Hg
P, = ambient barometric pressure, mm Hg
APy, = reldive siagnation pressure, mm Hg.
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4. Caculate and record the stagnation pressure ratio:
Stagnation pressure ratio = P,/P, . (11)

5.  Onasheet of graph paper, plot the calculated orifice transfer standard’ s flow rates, Q.(orifice), on
the x-axis vs. the corresponding stagnation pressure ratios, P,/P,, on the y-axis. Draw a smooth
curve through the plotted data. If necessary, extrapolate the curve to include the acceptable flow-
rate range.

6. If the sampler manufacturer has provided afactory cdibration table (i.e., the lookup table) for the
sampler, compare Q,(orifice) for severa points on the cdibration plot with Q(sampler)
determined from the factory cdibration a T,. Cdculate the percentage difference between
Q(orifice) and Q(sampler) usng Equation (12):

Q, (sampler) & Q, (orifice)

% Difference * [100] Q. (orifice)
, (orifice

(12)

If the agreement iswithin afew (i.e, 3 or 4) percent, the factory calibration is validated and may
be used for subsequent sample periods. Proceed to Section 2.4.5.

7. If the agreement is not within afew percent, recheck the accuracy of the orifice transfer standard
and recheck the calibration procedure. Look for lesks, manometer reading errors, incorrect
temperature or pressure data, or miscalculaions. Also check for abnormdly low line voltage at the
ste (it should be at least 110 VAC), for the correct blower motor, and for the presence of a
gasket between the motor and the choked-flow venturi. A factory cdlibration is not likely to be
substantialy incorrect, and any discrepancy of more than afew percent is probably due to some
problem with the sampler or with the calibration procedure. However, if no errors or problems
with the sampler or with the cdibration can be found, or if no factory cdibration is provided by the
manufacturer, proceed as described in Section 2.4.4.

2.4.4 Generation of Calibration Relationship—VFC Sampler
1. For each cdibration point, caculate and record the quarntity,
Q. (orifice)/[ T V2
where

Q, (orifice) = actud volumetric flow rate as indicated by the transfer standard orifice,
m*/min
T, = ambient temperature during sampler cdibration, K (K =EC + 273)

2. For thegenerd linear regresson modd, y = mx + b, let y = P,/P, and let x = Q (orifice)/[T]*?,
such that the modd is given by:

P,/P, = m[Q,(orifice)][T]¥? + b . (13)
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Cdculate the linear regression dope (m), intercept (b), and correlation coefficient (r).

Note: Ingpect the plotted calibration curve to determine whether any of the caibration points that
are substantialy outside of the acceptable flow-rate range need to be eliminated so that they do
not cause an ingppropriate linear regression line,

3. For subsequent sample periods, the sampler’s average actua operating flow rate, Ta is
cdculated from the calibration dope and intercept using Equation (14):

Q_(sampler) = 6[(P,/P_)&b][T 1" §1/m (14)

where

Q, (sampler) = the sampler’s average actua flow rate, m’/min
ﬁllPaV = average stagnation pressure ratio for the sampling period
T, = average ambient temperature for the sampling period, K (K = EC + 273)
b = intercept of the sampler cdibration rdaionship
m = dope of the sampler cdibration relationship.

Note: The average vaue for P, should be caculated from stagnation pressure measurements
taken before and after the sampling period. P,, should be estimated from barometric pressure for
the sampling period. See dso Section 3.3 for additiona information.

4. If acdibration (lookup) tableis desired, evauate Equation (14) for various gppropriate vaues of
P,/P, and T, and list the corresponding vaues of Q, (sampler) in tabular form.

Note: A cdibration table based on Equation (14) may not match the manufacturer’ s lookup table
exactly because the manufacturer may use a different or more sophisticated modd than Equation
(13).

2.45 Single-Point Operational Flow-Rate Verification

This procedure compares the VFC sampler’s normal operating flow rate to the design flow rate of the
inlet (e.g., 1.13 m¥min).

1. Determinethe vaue of P,/P,for the operationa flow rate obtained with only the filter cassette
installed (Steps 11 and 12 of Section 2.4.2).

2. Determine the sampler’s operationa flow rate, Q, (sampler), that corresponds to this value of
P./P,. Use the manufacturer’ s cdibration table if it has been vaidated in Step 6 of Section 2.4.3;
otherwise, use Equation (14).

3. Compare Q,(sampler) with the inlet design flow rate (e.g., 1.13 m*min) using Equation (15):

(15)

% Difference * [100] {Qa(mpler) & 1'13}.

1.13
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This design flow rate percentage difference must be less than the alowable flow-rate tolerance
(i.e, £10, if not otherwise specified by the manufacturer). However, this value should be well
within 7 to alow for some variation with ambient temperature. If this value is not within £7,
recheck the calibration procedure and data for errors. Check the sampler for leaks, bad motor
brushes, missing gaskets, incorrect motor type, or abnormally low line voltage. Because the VFC
flow rate is not adjustable, the VFC manufacturer must be consulted to resolve cases of
subgtantialy incorrect VFC flow rates.

2.5 Sampler Calibration Frequency

To ensure accurate measurement of the PM,, concentrations, cdibrate HV PM 4 samplers upon
ingalation and recdibrate as follows:

1. Atleast quarterly or annualy according to the State' s quality assurance program (see 40 CFR
Part 58, Appendix A, for a description of the qudity assurance requirements).

2. After any reparstha might affect sampler caibration (e.g., replacing the motor).
3. After rdlocation of the sampler to adifferent Site.

4. |If theresults of afidd flow-check exceed qudity control limits (eg., >£10 percent from the
sampler’ sindicated flow rate).

5. Whenever afield flow-check or performance audit indicates that the sampler is out (or nearly out)
of the acceptable flow-rate range (i.e., 1.02 to 1.24 m?/min) for theinlet.

Note: Multipoint flow-rate caibrations should be distinguished from single-point, qudity control
flow checks (see Section 3.5). The latter are done more frequently than calibrations and are
intended to check if the sampler flow rate, Q, (sampler), or the cdibration relationship, has
changed sgnificantly since the last cdlibration.
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3.0 Field Operations

This section presents information pertinent to the routine operation of a PM,, monitoring Ste using an
HV PM,, sampler. It covers an array of topics, ranging from initid Ste sdlection to find data
documentation. The procedures herein are intended to serve as guidelines for the development of a
monitoring program that will accuratdy reflect trendsin loca or regiond ar qudity. The effectiveness of
the monitoring program depends on responsible day-to-day operation of the monitoring Ste. The
operators who conduct sampling activities offer a unique perspective on the sampler’ s performance,
and their awareness and attention to detail will salvage data that may otherwise be logt. It must be
stressed, however, that “routing’ does not mean “unimportant.” The Site operator provides
cohesveness in a sampling program.

3.1 Siting Requirements

Aswith any type of air monitoring study in which sample data are used to draw conclusions about a
generd population, the validity of the conclusions depends on the representativeness of the sample data
Therefore, the primary god of a PM ;o monitoring project isto select aste or Stes where the collected
particulate mass is representative of the monitored area.

Table 3-1 presents basic Siting criteriafor the placement of the HV PM,, sampler. Thisisnot a
complete listing of dting requirements; instead, it should be used as an outline by the operating agency
to determine a sampler’ s optimum location. Complete Siting criteria are presented in 40 CFR Part 58,
Appendix E. Additiond information on optimum network design and Site exposure criteriais given in
Koch and Rector (1987).

Additiond factors not specified in the CFR must be considered in determining where the sampler will
be deployed. These include accessibility under al weether conditions, availability of adequate
eectricity, and security of the monitoring personnd and equipment.

The sampler must be situated where the operator can reach it safely despite adverse weather
conditions. If the sampler islocated on arooftop, care should be taken that the operator’ s persond
safety is not jeopardized by adippery roof surface during inclement weether. Consideration adso should
be given to the fact that routine operation (i.e., caibrations, filter ingtalation and recovery, flow checks,
and audits) involves transporting supplies and equipment to and from the monitoring Ste.

To ensure that adequate power is available, one should consult the manufacturer’ s instruction manua
for the sampler’s minimum voltage and power requirements. Lack of a stable power source can result
in the loss of many samples because of power interruptions.

The security of the sampler itsdf depends largely on its location. Rooftop sites with locked access and
ground-leve stes with fences are common. In dl cases, the security of the operating personnd as well
as the sampler should be considered.

3.2 Sampler Installation Procedures

1. Onrecept of an HV PM,, sampler from the manufacturer, visudly ingpect it to ensure that dl
components are accounted for. Compare the equipment delivered with the enclosed packing dip.
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TABLE 3-1. MINIMUM HV PM,;, SAMPLER SITING CRITERIA

Distance from support-
ing structure (m)

Height above

Scale ground (m) Vertical Horizontal? Other spacing criteria
Micro 2to 7 >2 1. Should be >20 m from trees.
Middle, neighbor- 2to 15 >2 2. Distance from sampler to obstacle,
hood, urban, and such as buildings, must be twice the
regional scale height that the obstacle protrudes

above the sampler.

3. Must have unrestricted air flow 270E
around the sampler inlet.

4. No furnace or incineration flues should
be nearby.”

5. Spacing from roads varies with traffic
(see 40 CFR Part 58, Appendix E).

6. Sampler inlet is at least 2 m but not >4
m from any collocated PM,, sampler
(see 40 CFR Part 58, Appendix A).

@ When inlet is located on rooftop, this separation distance is in reference to walls, parapets, or penthouses

located on the roof.
b Distance depends on the height of furnace or incineration flues, type of fuel or waste burned, and quality of fuel

(sulfur, ash, or lead content). This is to avoid undue influences from minor pollutant sources.

Notify the manufacturer immediately of any missng or damaged equipmen.

2. Peform alaboratory check to determine if the sampler is operational. Turn on the sampler and
observe the vacuum motor performance and shift the recorder response (if so equipped).

3. Caefully trangport the sampler to the fidld site. The manufacturers generdly shipaHV PMy, inlet
in a separate container from the base. To avoid damage, transport the inlet to the Sitein its
shipping carton. If possble, ingal the HV PM,, sampler in the center of a site platform. This
practice will ensure easy access to the sampler’ sinlet during maintenance procedures and will
reduce inlet damage if the sampler should topple over.

4. Fdlowing manufacturer’ s ingructions, carefully assemble the base of the HV PM,, sampler. The
sampler must be bolted down to a secure mounting surface.

5.  Assamble the sampler inlet according to the manufacturer’ singructions and carefully ingdl it on
the base unit.

6. Check dl tubing and power cords for crimps, cracks, or breaks.
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7. Plug the power cord into aline voltage outlet. If possible, this outlet should be protected by a
ground fault interrupter (GFI) for the operator’ s safety. The use of waterproof interlocking
electrical connectors is aso recommended to ensure operator safety and to avoid shorts or power
interruptions. Do not alow any dectricad connections to be submerged during periods of inclement
wegther.

8. Turnon the sampler and make sure that it is still working properly. Investigate and correct any
malfunctions before proceeding. Operate the sampler for gpproximately 30 min to ensure that the
motor brushes are properly sested and that the motor is operating at full performance.

9. Perform amultipoint flow-rate cdibration, as described in Section 2.0.

3.3 Sampling Operations

Operationa procedures will vary according to the sampler model and options (e.g., the types of flow-
rate controller and timer) selected for use in the monitoring program. Consult the instrument manua
before putting the sampler into operation. Significant differences exist in the field operation of the two
types of flow-controlling systems and, hence, in the determination of operationa flow rates. The
following assumptions are made:

«  Theflow rate through a PM,, sampler that is equipped with a mass-flow controller isindicated by
the exit orifice plenum pressure. This pressure is measured with a manometer [or aflow recorder].

«  Theflow rate through a PM,, sampler that is equipped with a volumetric-flow controller is
indicated by the stagnation pressure. This pressure is measured with a manometer.

e Thesampler has been cdlibrated according to procedures presented in Section 2.0.
Sampling procedure checks are summarized in Table 3-2.

The average actud flow rate for MFC samplersis calculated by determining (1) the average of the
initid and find manometer readings of the exit orifice plenum pressure [or the average flow recorder
reading], (2) the average ambient temperature (T,,), and (3) the average ambient barometric pressure
(P,,) during the sampling period. These values are then gpplied to the sampler’ s cdibration reationship.
The 4-in. pressure (flow) recorders of the type often supplied with HV PM,, samplers are generdly not
aufficiently accurate and are not recommended for quantitative sampler pressure or flow-rate
measurements. These flow recorders should be used only for nonquantitative determination that the
flow was gpproximately constant and uninterrupted over the sampling period. The flow recorder may
be connected in paralld with the manometer or other pressure messuring device, usng ateeor “Y”
tubing connector.

Note: Because flow recorders are dtill in wide use for quantitative flow-rate measurements, the
procedures in this section include specific ingructions for the use of aflow recorder. These flow
recorder ingtructions are enclosed in brackets| ].

The average actud flow rate for VFC samplersis caculated by determining (1) the average of the initial
and findl relative stagnation pressures (APy,), (2) the average ambient temperature (T,,), and (3) the
average barometric pressure (P,,) during the sampling period and then by applying these vauesto the
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cdibration relationship.
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Note: Congstency of temperature and barometric pressure unitsis required. It is recommended thet all
temperatures be expressed in Kdvin (K = EC + 273). It isdso recommended that al barometric
pressures be expressed in either mm Hg or kPa (but do not mix the two units). Take care to avoid
cdibrating a PM ;o sampler using one set of units and then performing sample cdculations usng ancther
st of units.

3.3.1 Presampling Filter Preparation Procedures

Most HV PM,, samplers have been designed to accept filter cassettes. Loading these cassettesin the
laboratory will minimize damage; however, if careis exercised, they can be loaded at the Ste when
ambient conditions permit. Workers should wear protective gloves when handling filtersto avoid
contaminating the filters with body oils and moisiure. The filters should be kept in protective folders or
boxes. Unexposed filters must never be bent or folded. The analytica [aboratory (and/or filter
manufacturer) will give each filter an ID number. Because it is extremdy difficult to seethe“up” Sde of
aquatz filter (i.e, the sde with the dightly rougher texture), it is recommended that filters consstently
be labeled on one sde. When afilter that has been labeled on its “down” sdeisfolded for transport to
the laboratory, its sample number will be readily accessible for documentation on laboratory log sheets
upon arival.

Following the manufacturer’ singructions, carefully load the filter in the filter cassette. Thefilter should
be centered on the wire screen so that the gasket will form an airtight sedl on the outer edge of the filter
when the faceplate isin place. Poorly digned filters show uneven white borders after exposure. Care
should be taken to ensure that the filter cassette is not excessively tightened, as the filter may stick or
the gasket may be permanently damaged. Check that the gasket isin good condition and has not
deteriorated. Put a protective cover (if available) over thefilter cassette.

The Site operator who is responsible for readying the HV PM ;4 sampler for the next run day can now
trangport the filter cassette to the monitoring Site.

3.3.2 Sampling Procedures—MFC Sampler

3.3.2.1 Filter Installation Procedure
Upon arriving a the monitoring Ste, the Site operator will follow these procedures:

1. Following the manufacturer’ singructions, loosen the nuts that secure the inlet to the base and
gently tilt back the inlet to allow accessto the filter support screen.

2. Examinethefilter support screen. If the screen appears dirty, wipe it clean. If thefilter cassetteis
equipped with a protective cover, remove it and place the loaded cassette in position on the
sampler support screen. Tighten the thumb nuts sufficiently to hold the filter cassette securdly.
Check that the gasket isin good condition and has not deteriorated.

Caution: Tighten the thumb nuts evenly on dternate cornersto properly align and seet the gasket.
The nuts should be only hand-tightened because too much compression can damage the seding
gasket.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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3. Lower thesampleinlet. Inspect the sample inlet to make sure that it isresting on the filter casseite
and not on the PM,, sampler’ s frame. Secure the sampleinlet to the sampler base.

4. [Open the front door of the sampler and examine the flow recorder. Remove any moisture inside
by wiping it with aclean cloth. Record the sampler SN, filter ID number, site location, and
sampling date on the back of aclean chart and ingtdl the chart in the flow recorder.]

[Note: Charts used for PM,, samplers normally have square-root-function scales, however,
linear-function scades may be used. If charts with linear-function scales are used, Equations (5a)
and (7a) will have to be modified from their current form by replacing | with (1)Y2]

[Whileingdling the chart, do not bend the pen arm beyond its limits of travel. Raise the pen head
by pushing on the very top of the pen arm (or by using the pen lift). Be sure that the chart teb is
centered on the dotted drive to ensure full 360E rotation in 24 h. Make sure that the chart edges
are properly located beneath the retainers. Lower the pen arm and tap the recorder face lightly to
make certain that the penisfree]

[Note: During periods of inclement wesether, the chart tends to stick to the recorder face. Two
charts can be ingtalled smultaneoudy to enable the sample (top, annotated) chart to rotate fredly.]

5. [Using acoin or dotted screwdriver, advance the chart and check to see that the pen rests on
zero—the smallest circle diameter. If necessary, adjust the zero set screw while gently tapping on
the sde of the flow recorder. If a chart with alinear-function scae is used, some positive zero
offsat may be desrable to alow for norma variaions in the zero readings]

6. Turnon the sampler and dlow it to equilibrate to operating temperature (3 to 5 min).

7. Whilethe sampler is equilibrating, record the following parameters on the MFC Sampler Field
Data Sheet (Figure 3.1):

» Stelocation

e Sampledate

* Filter ID number

e Sampler modd and SN
* Opeaor'sinitids.

8.  Ingpect the manometer for crimps or cracks in its connecting tubing. Open the valves and blow
gently through the tubing of the manometer while watching for the free flow of the fluid. Adjust the
manometer’ s diding scale so that its zero line is a the bottom of the meniscuses.

9. Maessuretheinitia exit orifice plenum pressure (AP,,) using an oil or water manometer, with a 0-
to 200-mm (0- to 8-in.) range and aminimum scde divison of 2 mm (0.1 in.). Record theinitid
AP, on the MFC Sampler Field Data Sheet. If AP, is substantialy different than for previous
samples or otherwise appears abnorma, carry out a QC flow check as described in Section 3.5.1.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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MFC Sampler Field Data Sheet

Station Location Milford, NC Date 10/17/97 AIRS Number 68024550

Sampler Model GMW S/N 1297

Filter ID No. 489929 P, 761 mmHg, T, 185 ECor 2915 K
Sampler Manometer Readings Flow Recorder Readings

Initial AP, 4.3 in. H,O Mean| —

Final AP, 4.0 in. H,O

Mean AP, 4.15 in. H,O

Sampler calibration relationship: m= (.9137 b= 0.2629 r= 0.9979

Q, 1.162 m3/min Elapsed time (t) 1440 min m?

Q, ={[mean AP, (T, + 30)/PJ*? - b} {1/m}
Q_a = {mean | [(T,, + 30)/P,]*? - b} {1/m} for flow recorders
V.=(Q,) ()

Operator D. Palmer

V. 1673

Comments: None

Laboratory Calculations:

Gross weight (Wg) 3.9714 g
Tare weight (Wt) 3.9047 g
Net weight (Wn) 0.0667 g
PM,, concentration 399 pg/m?

PM,, concentration = (Wn) (106)/V,

Figure 3.1. Example MFC sampler field data sheet.

Quality Assurance Handbook, Vol. Il, Part Il
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10. [Veify that the flow recorder (if used) is operationa and that the pen isinking. Note the flow
recorder reading. If it is substantidly different than for previous samples or otherwise appears
abnormal, carry out a QC flow check as described in Section 3.5.1]

11. Turnthe sampler off.

12. [Check thetimeindicated by the time-set pointer on the flow recorder. If it isin error, rotate the
chart clockwise by inserting a screwdriver or coin in the dotted drive in the center of the chart face
until the correct timeisindicated.]

13. Reset the dapsed time meter to 0000 min and the sampler timer for the next run day. Close the
sampler door, taking care not to crimp the vacuum tubing or any power cords. The sampler is now
ready to sample ambient air.

3.3.2.2 Filter Recovery Procedure

As s00n as possible after sampling, the operator should return to the monitoring Ste to retrieve the
exposed filter. Particle loss or filter damage will result if thefilter isleft in the sampler for extended peri-
ods.

1. Turnonthe sampler and dlow it to equilibrate to operating temperature (3 to 5 min).
2.  Maeasurethefind AP,, and record it on the MFC Sampler Field Data Shest.

3. Turn off the sampler.
4

[Open the door of the sampler, remove the flow recorder chart, and examine the recorder trace. If
the trace indicates extengve flow fluctuations, investigate and correct before the next sampling

day ]
5. Record the following parameters on the MFC Sampler Field Data Shest:

» Elgpsad time of the sampling period, min

» Average recorder response, arbitrary units

* Average ambient temperature for therun day (T,,), K (K = EC + 273)

» Average ambient barometric pressure for the run day (P,,), mm Hg or kPa.

Note: The caculations presented in this section assume that the sampler has been cdibrated in
terms of actual temperature and barometric pressure. Average sampler flow rate for asample
period is determined from the average exit orifice plenum pressure AP, and the average ambient
temperature (T,,) and average ambient pressure (P,,) for the sample period. T,, and P, readings
may be recorded or estimated ongite or may be obtained from anearby U.S. National Wesather
Service Forecast Office or airport weather station. Barometric pressure readings obtained from
remote sources must be at station pressure (not corrected to sealevel), and they may haveto be
corrected for differences between the eevation of the monitoring Site and that of the airport.

Note: If specific T, or P,, valuesfor the sample period cannot be obtained, seasona average
temperature for the site (T) may be substituted for T,,, and average barometric pressure for the
ste (P,) may be subdtituted for P,,. Care must be taken, however, that the actua conditions at the

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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site during the sample period can be reasonably represented by such averages. It istherefore
recommended that seasond vaues be used to represent actua vaues only within 20 EC and
40 mm Hg.

6. Cdculate and record the average actud flow rate (as determined by the sampler’s cdibration
relationship) on the MFC Sampler Field Data Sheet and on the back of the chart. Attach the chart
to the data sheset.

Q, " f[AP_(T_%30)/P_1"% & b> §1/m> @)

[or for the flow recorder,

Q, " §T[(T, %30)/P_]¥? & b> 61/ (73]
where
Q_a = average sampler flow rate, actua m¥/min
AP_ = average of initid and fina sampler manometer readings (AP + APo)/2, mm (or

in.) H,O
[T = average flow recorder response, arbitrary units)
T, = average ambient temperature for the run day, K
P, = average ambient pressure for the run day, mm Hg or kPa
b = intercept of the MFC sampler cdibration rdationship
m = dope of the MFC sampler cdlibration relationship.

[Note: If charts with linear-function scales are used, substitute (T)Y2 forT .

4. Obsarve conditions around the monitoring Ste; note any activities that may affect filter particle
loading (e.g., paving, mowing, fire) and record this information on the MFC Sampler Field Data
Shest.

5. Rasethe sampler inlet and remove the filter cassette. Replace the cassette protective cover (if so
equipped). To avoid particle loss, be careful to keep the cassette asleve as possible.

6. Thesampler may now be readied for the next run day.

7. Keeping thefilter cassette leve, carefully transport it, the data sheet, and the flow recorder chart
to the laboratory sample custodian.

3.3.3 Sampling Procedures—VFC Sampler

3.3.3.1 Filter Installation Procedure
Upon arriva at the monitoring Site, the operator will follow the procedure presented bel ow:
1. Following the manufacturer’ singtructions, loosen the nuts that secure the inlet to the base and

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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gently tilt back the inlet to alow accessto the filter support screen.

2. Examinethefilter support screen. If the screen appears dirty, wipe it clean. If thefilter cassetteis
equipped with a protective cover, remove it and place the loaded cassette in position on the
sampler support screen. Tighten the thumb nuts sufficiently to hold the filter cassette securdly.
Check that the gasket isin good condition and has not deteriorated.

Caution: Tighten the thumb nuts evenly on dternate cornersto properly align and seet the gasket.
The nuts should be only hand-tightened because too much compression can damage the seding
gasket.

3. Lower the sampleinlet and secureit to the sampler base. For impaction inlets, ingpect the sample
inlet to make sure that it is resting on the filter cassette and not on the PM,, sampler’ s frame.
Secure the sampler inlet to the sampler base.

4. Turn onthe sampler and dlow it to reach a stable operating temperature (3 to 5 min).
5.  Whilethe sampler iswarming up, record the following parameters on the VFC Sampler Fidd Data
Sheet (Figure 3.2):

» Sitelocation

» Sampledate

* Filter ID number

* Sampler mode and SN
e Opeator'sinitids.

6. Bring an oil or water manometer to the Sde of the sampler. This manometer should have arange
of 0to 1,000 mm (0 to 36 in.) and a minimum scale divison of 2 mm (0.1in.).

Ingpect the manometer for crimps or cracksin its connecting tubing. Open the vaves and blow
gently through the tubing of the manometer, while watching for the free flow of the fluid.

Adjust the manometer’ s diding scde so that its zero lineis at the bottom of the meniscuses.

7. Remove the vacuum cap from the stagnation pressure port located on the Side of the sampler base.
Using the connecting tubing, attach one side of the manometer to the port. Leave the other sde of
the manometer open to atmospheric pressure. Make sure the tubing snugly fits the port and the
manometer.

8. Messuretheinitia relative stagnation pressure (APy,) and record this reading on the VFC
Sampler Field Data Sheset.

Note: Be sure to convert the manometer reading to mm Hg using Equation (9) before recording
the reading on the VFC Sampler Field Data Sheet.

mm Hg = (25.4) (in. H,0/13.6) . 9)

9. Turn off the sampler, disconnect the manometer, and replace the vacuum cap on the stagnation
pressure port.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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10. Reset the dagpsed-time meter to 0000 min and the sampler timer for the next run day.

11. Thesampler isnow ready to sample ambient air.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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VFC Sampler Field Data Sheet

Station Location Glendora, CA Date 9/23/97 AIRS Number (04191949

Sampler Model Wedding SIN 0340870172P

Filter ID No. 67714 P, 750 mmHg, T, 286 EC 301.6 K

Average stagnation pressure ratio (P, /P,)  0.960

Relative Stagnation Pressure Readings Absolute Stagnation Pressure
Initial AP, 295 mm Hg P, 720.3 mm Hg
Final Apstg 29.9 mm Hg P_1 = Pav' Average APstg
Average AP, 29.7 mm Hg

Average flow rate (Q,)* 1.162 m3min Elapsed time (t) 1445 min

*Obtained from manufacturer’s lookup table (or from alternate calibration relationship)
V.= (Q,) ()

Operator T. Wisbeth

V. 1679 m’

Comments: None

Laboratory Calculations:

Gross weight (Wg) 44721 g
Tare weight (Wt) 4.3802 g
Net weight (Wn) 0.0919 g

PM,, concentration 54.7 ug/m?

PM,, concentration = (Wn) (106)/V,

Figure 3.2. Example VFC sampler field data sheet.
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3.3.3.2 Filter Recovery Procedure

As s00n as possible after sampling, the operator should return to the monitoring Ste to retrieve the
exposed filter. Particle loss or filter damage will result if the filter is left in the sampler for extended peri-
ods.

1. Turnonthe sampler and dlow it to warm up to operating temperature (3 to 5 min).

2. Whilethe sampler is equilibrating, record the following parameters on the VFC Sampler Field
Data Sheet:

»  Elgpsad time of the sampling period, min
» Average anbient temperature for therun day (T,,), EC or K
» Average ambient barometric pressure for the run day (P,,), mm Hg or kPa.

Note: T, and P,, readings may be recorded or estimated on Site or may be obtained from a
nearby U.S. Nationa Wesather Service Forecast Office or airport wesather station. Barometric
pressure readings obtained from remote sources must be at station pressure (not corrected to sea
level), and they may have to be corrected for differences between the devation of the monitoring
dte and that of the arport. If T,, and P,, readings are not available, seasond average temperature
(Ty) and barometric pressure (P,) can be substituted. Care must be taken, however, that the actua
conditions at the Site can be reasonably represented by such averages. It is therefore
recommended that seasond vaues represent actual values within 20 EC and 40 mm Hg.

3. Inspect the manometer for crimps or cracksin its connecting tubing. Open the vaves and blow
gently through the tubing of the manometer, while watching for the free flow of the fluid. Adjust the
manometer diding scale so that its zero line is a the bottom of the meniscuses.

4. Remove the vacuum cap from the stagnation pressure port located on the sde of the sampler base.
Using the connecting tubing, attach one side of the manometer to the port. Make sure that the
tubing snugly fits the port and the manometer. Leave the other Side open to atmospheric pressure.

5. Record thefind APy, on the VFC Sampler Field Data Sheet. Turn off the sampler and replace the
vacuum cap.

Note: Be sure to convert the manometer reading to mm Hg using Equation (9) before recording
the reading on the data sheet.

mm Hg = 254 (in. H,0/13.6) . )
6. Cdculate the average relative stagnation pressure (AP, ) and record it on the data sheet.

7. Cdculate the average absolute stagnation pressure (31) for the sample run day and record it on
the data sheet.

Pl ) I:)av & APstg (10)

where
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P_1 = average absolute stagnation pressure, mm Hg or kPa.

P, = average ambient barometric pressure for the run day (not the retrieval day), mm
Hg or kPa.
AP g = average stagnation pressure drop, mm Hg or kPa.

8. Cdculate and record the average stagnation pressure ratio:
Average stagnation pressure ratio * P, /P_ (11)

where

P_1 = average absolute stagnation pressure, mm Hg or kPa

P, = average ambient barometric pressure on the sample run day, mm Hg or kPa.

9. Usng the manufacturer’slookup table (or an dternate caibration relationship as described in

Section 2.4.4), locate the column and row corresponding to P, /P, and the T, value for the
sample run day. Read and record the indicatedQ_ value.

10. Observe conditions around the monitoring Ste; note any activities that may affect filter particle
loading (paving, mowing, fire) and record this information on the VFC Sampler Fidd Data Shest.

11. Raisethe sampler inlet and remove the filter cassette. Replace the cassette protective cover (if so
equipped). To avoid particleloss, be careful to keep the cassette as level as possible.

12. The sampler may now be reedied for the next sampling period.
13. Keeping thefilter cassette level, carefully trangport it and the data sheet to the [aboratory sample
custodian.

3.3.4 Postsampling Filter Handling Procedures

If asample will not be andyzed immediately, the sample custodian should store the filter within a
protective covering to minimize the loss of volatile particles. Because filter cassettes often prove too
expendve and unwiddy for storage purposes, the use of amanilafolder and a protective envelope of
comparable size to that of thefilter is recommended. Laboratory personnel should adhere to the
following procedure:

1. Following the manufacturer’ singructions, remove the top frame of the filter cassette.

2. Conduct a secondary check of a sample s vdidity as presented in “Laboratory Vdidation Criterid’
(Section 3.4).

3. Cadfully dip amanilafolder underneath the edge of the exposed filter. Thefilter may gtick inthe
cassette because of overcompression of the filter cassette gasket. Be extremely careful to avoid
damage to the brittle quartz filter.
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4. Center thefilter on thefolder. If the filter must be touched, do not touch or jar the deposit. Fold
the manilafolder lengthwise a the middle with the exposed Sde of thefilter in. If the collected
sampleis not centered on the filter (i.e., the unexposed border is not uniform around the filter), fold
it so that only deposit touches deposit. Do not cr ease the folder—the sample filter may tear. If
thefilter shears or breaks, ensure that al pieces of thefilter are included within the folder.

5. Insert the folder into the protective envelope.

6. Ddiver thefilter in its protective folder and envelope, accompanied by the completed data sheet,
to the andytica |aboratory.

3.3.5 Filter Analysis and Calculation of PM,, Concentrations
Pogtsampling filter analysisis discussed in Sections 4.6 and 4.7. The caculation of PM,, concentrations
isdiscussed in Section 5.1.2.

3.4 Sample Validation and Documentation

3.4.1 Field Validation Criteria

The following criteria have been established to assst the operator in initidly determining whether a
sampleisvdid. If asample failsto meet these criteria, do not discard the filter. Document any factors
observed that may result in asamplé€ sinvdidation on the sample data sheet, and forward the data sheet
and thefilter to the laboratory supervisor, who will make the find decision regarding the sample€'s
vaidity.
1. Timing

* All samplers must be turned ON and OFF within 1/2 h of midnight.

o All samplers must operate for at least 23 but no more than 25 h (1,380 to 1,500 min).
2. How Rates

After each sampling period, caculate the percentage difference between Q, and the design flow
rate (1.13 m¥/min) using the following formula

% Difference * [100] (15)

1.13

Q, & 1.13]

Record this vaue on acontrol chart for the field validation of the sampler’s actua volumetric flow
rate asis shown in Figure 3.3.

Tamust be within flow-rate limits specified by the inlet manufacturer. The most common impaction
and cyclonic inlets have an acceptable flow-rate range of 90 to 110 percent of 1.13 m?/min (i.e,
1.02 to 1.24 m?/min) expressed in actua volumetric units. If these limits are exceeded, investigate
potentia error sources immediately. The following criteria should be used as the basis for
determining a sample' s vdidity:
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Figure 3.3. Example QC control chart for field validation of flow rates.

» Decreasesin flow rate during sampling (due to mechanical problems) of more than 10 percent
from theinitid set point result in sample invaidation. Recalibrate the sampler. A sample flow
rate may aso fluctuate due to heavy filter loading. If ahigh PM,, concentration is suspected,
the operator should indicate this on the field data sheet. The laboratory supervisor will make
thefina decison regarding the sample s vdidity.

» Changesin flow-rate calibration of more than 10 percent, as determined by afield QC flow-
rate check (Section 3.5), will invalidate al samples collected back to the last cdibration or
vaid flow check. Recdibrate the sampler.

3.4.2 Laboratory Validation Criteria

The sample custodian at the andytical laboratory is responsible for conducting a secondary check of a
sample svdidity. Do not discard a sample that fails to meet these criteria; instead, forward it to the
laboratory supervisor, who will make the find decison of a samplée s vdidity.
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1. Check thefilter for Sgnsof air leskage. Leakage may result from aworn or improperly instaled
faceplate gasket. A gasket generdly deteriorates dowly. The custodian should be able to decide
well in advance (by the increased fuzziness of the sample outline) when to change the gasket
before total gasket failure results. If Sgns of leskage are observed, void the sample, determine the
cause, and indiruct the operator to take corrective actions before starting another sampling period.

2. Check the exposed filter for physica damage that may have occurred during or after sampling.
Physicad damage after sampling would not invaidate the sample if dl pieces of the filter were put in
the folder; however, complete losses of loose particulate after sampling (e.g., loss when folding the
filter) would void the sample. Mark such samples as“void” on the HV PM,, data sheet.

3. Check the appearance of the particles. Any changes from norma color may indicate new emission
sources or congtruction activity in the area. Note any change on the data shest.
3.4.3 Data Documentation

Recordkeeping isacritica part of the QA program. Careful documentation of sampling data will
sadvage samples that may otherwise be lost. The sheer repetition of recording data may result in errors;
however, this cross-referencing between data sheets (DSs), logbooks (LBs), and (for those samplers
S0 equipped) the continuous flow-recorder charts will allow the operator to pinpoint discrepancies that
may result in asample sinvaidation.

Note: Theuse of LBsa PM,, monitoring Sites s highly encouraged, but not required.

The following information should be recorded on the fidld DS, sampler recorder chart (RC), inthe Site
LB, and on the flow-rate control chart (CC).

3.4.3.1 Operator Who Starts the Sample

Note: The desgnation in parentheses indicates where the data must be inscribed):

1. Stedesgnation and location (DS)(RC)(LB). Thisinformation should be recorded in the LB only
once a theinitiation of a monitoring program.

2. Sampler modd and SN (DS)(RC)(LB). Thisinformation needsto be recorded in the LB only a
the commencement of monitoring, unless there is more than one sampler or anew sampler has
been deployed.

Filter ID number (DS)(RC)(LB).
Sample date (DS)(RC)(LB).
Initid AP, for MFC or initia APy, for VFC (DS)(LB).

Unusua conditions that may affect the results (e.g., subjective evauation of pollution thet day,
congtruction activity, weather conditions) (DS)(LB).

Operator’ sinitids (DS).
8. Signaure(LB).

o U M~ W

~
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3.4.3.2 Operator Who Removes the Samples
1. Elgpsedtime of the sample run (DS)(RC)(LB).
2. Find AP, [or mean I] for MFC or find APy, P, and P, /P_ for VFC (DS)(LB)[RC].

3. Thecdculated average flow rate(Q,) inmP/min (DS)(LB).

4. The percentage difference between the actud and design flow rates (CC).
5. Average ambient temperature and barometric pressure on the sample run day (DS)(LB).

6. Seasond average temperature and pressure, if needed (DS/LB). Thisinformation needsto be
recorded in the logbook once, at the change of each season.

7. Exiding conditions that may affect the results (DS)(LB).

8. Explanaionsfor voided or questionable samples (DS)(LB).
9. Operator'sinitids (DS).

10. Signature (LB).

3.5 Field QC Procedure

For HV PM,, samplers, afield-calibration check of the operationa flow rate is recommended at |east
once per month. The purpose of this check isto track the sampler’ s cdlibration stability. A control chart
(e.0., Figure 3.4) presenting the percentage difference between a PM,, sampler’ sindicated and
measured flow rates should be maintained. This chart provides a quick reference of ingrument flow-
rate drift problems and is useful for tracking the performance of the sampler. Either the sampler

logbook or a data sheet must be used to document flow-check information. This information includes,
but is not limited to, instrument and transfer sandard modd and serid numbers, ambient temperature
and pressure conditions, and collected flow-check data.

In this section, the following is assumed:

«  Theflow rate through a PM,, sampler that is equipped with a mass-flow controller isindicated by
the exit orifice plenum pressure. This pressure is measured with a manometer [or aflow recorder].

«  Theflow rate through a PM,, sampler that is equipped with a volumetric-flow controller is
indicated by the stagnation pressure. This pressure is measured with a manometer.

«  Both sampler models are designed to operate at an actua flow rate of 1.13 m?/min, with an
acceptabl e flow-rate fluctuation range of 10 percent of thisvaue.

»  Thetransfer standard will be an orifice device equipped with awater or oil manometer.

*  Theorifice trandfer sandard' s cdibration raionship isin terms of the actud volumetric flow rate
(Qa)-
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Figure 3.4. Example QC control chart for QC flow checks.

351 QC Flow-Check Procedure—MFC Sampler

The indicated flow rate (Q, [sampler]) for MFC samplersis caculated by determining (1) the
manometer reading of the exit orifice plenum pressure [or the flow recorder reading], (2) the ambient
temperature (T,), and (3) the barometric pressure (P,) during the flow check. These values are then
gpplied to the sampler’ s cdibration relationship. The 4-in. pressure (flow) recorders of the type often
supplied with HV PM,, samplers are generdly not sufficiently accurate and are not recommended for
quantitative sampler pressure or flow measurements. The flow recorder may be connected in pardld
with the manometer or other pressure measuring device, using atee or “Y” tubing connector.

Note: Do not attempt to conduct a flow check of PM,, samplers under windy conditions. Short-term
wind velocity fluctuations will produce variable pressure readings by the orifice trandfer sandard’'s
manometer. The flow check will be less precise because of the pressure variations.

An dternate QC flow-check procedure may be presented in the manufacturer’ s instruction manud. It is
recommended that the manua be reviewed and the various methods be eva uated. In-house equipment
and procedura smplicity should be considered in determining which method to use.
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1. Coallect the fallowing equipment and transport it to the monitoring station. This equipment may be
the same equipment as used for cdibrations.

* A water or oil manometer with a0- to 200-mm (0- to 8-in.) range and aminimum scae
divison of 2 mm (0.1 in.) for measurement of the sampler’ s exit orifice plenum pressure. This
manometer should be the same as that used routindy for sampler flow-rate measurements.

* Anorificetransfer dandard and its calibration relaionship.

* Anassociated water or oil manometer with a 0- to 400-mm (0- to 16-in.) range and a
minimum scale divison of 2 mm (0.1 in.) for measurement of the orifice transfer gandard.

e A thermometer capable of accurately measuring ambient air temperatures over arange of 0 to
50 EC to the nearest 0.1 EC. Thisthermometer should be traceable with an accuracy of
0.1 EC to aNIST-certified thermometer or an ASTM thermometer.

» A portable aneroid barometer (e.g., aclimber’s or engineer’ s dtimeter) capable of accurately
measuring ambient pressure over the range of 500 to 800 mm Hg (66 to 106 kPa) to the
nearest millimeter Hg and referenced within £5 mm Hg of a barometer of known accuracy at
leagt annually.

* Thesampler's cdibration information.
» Sparerecorder charts and a clean flow-check filter.
¢  MFC Sampler Flow-Check Data Sheet (Figure 3.5) or site logbook.

2. [Record the site location, sampler SN, and date on the back of aclean chart and ingal it in the
flow recorder. While ingdling the chart, do not bend the pen arm beyond its limits of travel. Raise
the pen head by pushing on the very top of the pen arm (or by using the pen lift) and
smultaneoudy insert the chart.]

3. [Lower the pen arm and tap the recorder face lightly to make certain that the pen can move
fredy]

4. [Using acoin or dotted screwdriver, advance the chart and check to see that the pen head rests
on zero (i.e, the smalest diameter circle). If necessary, adjust the zero-set screw while gently
tapping on the Sde of the recorder. A quarter turn of the set screw usudly resultsin large offsets;
adjust the set screw carefully.]

5. Sat up the flow-check system as previoudy illustrated in Figure 2.2. MFC samplers are normaly
flow-checked with afilter in line (i.e., between the orifice transfer sandard and the motor). Ingall
aclean filter in the sampler. Place the filter directly on the sampler’ sfilter screen. Do not use afilter
cassette. A flow-check filter should never be used for subsequent sampling because particles
>10 pm can be collected on thefilter while the inlet is raised. The sample masswill be biased asa
result of using afilter for both aflow check and subsequent sampling.
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MFC Sampler Flow Check Data Sheet

4.8

Sampler Pressure Drop (AP,)

Q, (sampler)®

QC—Check Percentage Difference®
Q, (corrected sampler)¢

Design Flow Rate Percentage Difference®

Station Location Milford, NC Date 11/1/97 Time 10:30 AM

Sampler Model GMW S/N 1297 Operator D. Palmer
P, 763 mm Hg, T, 27.0 ECor 300.0 K, Unusual Conditions None
Orifice SIN 10387 OrificeCTibration Date 7/22/97

Orifice Calibration Relationship: = 1.2430 b= -0.0062 r= 0.9999
Sampler Calibration Relationship: m= (0.9137 b= 0.2629 r= 0.9979
Orifice Pressure Drop (AH,0) in. H,O Q, (orifice)* 1.110 m¥min

With Orifice Installed Without Orifice Installed

4.0 in. H,O 3.9 in H,0
1.152 m*min 1.134 m¥min
3.9 %
1.092 m*min
-3.5 %

& For calculation of orifice flow rates:
Q, (orifice) = {{A(H,0) (T,/P)]*2 - b} {1/m}

For calculation of sampler flow rates:
Q. (sampler) = {[AP./P,) (T, + 30)]** - b} {1

c

Q_(sampler) & Q,_ (orifice)

/m}

where Q_ (sampler) is measured

QC&check % difference * [100] [

100 & QC % difference

Q, (orifice) with the orifice installed.

|

where Q, (sampler) is meaé&
sured without the orifice

Q_(corrected sampler) = Q_(sampler) [

Design flow rate % difference * [100]

100

|

Q_(corrected sampler) & 1.13

installed.

|

1.13

Figure 3.5. Example MFC sampler flow check data sheet.
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10.

11.

12.

13.

14.

Ingtal the orifice transfer sandard and its faceplate on the sampler. Do not restrict the flow rate
through the orifice (i.e.,, by usng fixed-resstance plates or closing the variable-resstance vave).

Caution: Tighten the faceplate nuts on aternate cornersfirgt to diminate leaks and to ensure even
tightening. The nuts should be hand-tightened; too much compression can damage the sedling
gasket. Make sure the orifice transfer standard gasket isin place and the orifice transfer standard
Is not cross-threaded on the faceplate.

Connect the orifice manometer to the pressure port of the orifice transfer standard and the sampler
manometer to the sampler’ s exit orifice plenum. Inspect the manometers connecting tubing for
crimps and cracks. Open the manometer valves and blow gently through the tubing. Watch for the
freeflow of fluid. Adjust the manometers scale so that their zero lines are at the bottom of the
meniscuses. Make sure that the connecting tubing snugly fits the manometer and the pressure port.

Turn on the sampler and alow it to warm up to operating temperature (3 to 5 min).

Note: The sampler inlet may be partialy lowered over the orifice transfer sandard to act asa
draft shidd (if ashield is not otherwise provided). Use ablock to provide at least 2 in. of clearance
at the bottom for ar flow and for the manometer tubing.

Read and record the following parameters on the MFC Sampler Flow-Check Data Sheet:

e Sampler location and date

* Sampler mode and SN

e Ambient temperature (T,), EC and K.

*  Ambient barometric pressure (P,), mm Hg or kPa

*  Unusud westher conditions

» Orificetransfer sandard S/N and cdibration relationship
* Operator's signature.

Observe the AH,O across the orifice by reading the manometer deflection. Record the manometer
deflection on the MFC Sampler Flow-Check Data Sheet.

Measure the exit orifice plenum pressure (AP,,) by reading the manometer deflection. Record the
manometer deflection on the MFC Sampler FHlow-Check Data Shest.

[Using acoin or smdl screwdriver, advance the recorder chart to read the sampler’s
corresponding response (1) and record on the data sheet. A gentle tap on the recorder face is
often necessary to ensure that the pen is not sticking to the chart.]

Turn off the sampler and remove the orifice transfer sandard, but not the filter. Turn on the
sampler and repeat Step 11 [or 12] to check the flow rate under normal operating conditions.
Turn off the sampler and remove the filter.

Calculate and record Q, (orifice) at actua conditions using the following equation:
Qa (orifice) = {[(AH0)(Ta/P.)]¥? - b} { 1/m} (4)
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where

Q, (orifice) = actua volumetric flow rate as indicated by the orifice transfer standard,
me/min

AH,O = pressure drop across the orifice, mm (or in.) H,O
T, = ambient temperature during use, K (K = EC + 273)
P, = ambient barometric pressure during use, mm Hg (or kPa)
b = intercept of the orifice transfer standard cdibration relationship
m = dope of the orifice transfer standard calibration relationship.

15. Cdculate and record the corresponding sampler flow rate at actual conditions and record.
Qa(sampler) = {[AP, (T, + 30)/P]** - b} { /m} (7)
[or if aflow recorder is being used to measure the exit orifice plenum pressure,
Qa(sampler) = {1[(T,+ 30)/P]" - b} {1/m} (7a)]
where

Q. (sampler) = sampler flow rate, actua m’/min

AP, = exit orifice plenum pressure, mm (or in)) H,O
[I = recorder response, arbitrary units|
T, = ambient temperature during the flow check, K (K =EC + 273)
P, = ambient barometric pressure during flow check, mm Hg (or kPa)
b = intercept of the MFC sampler calibration relationship
m = dope of the orifice cdibration relaionship.

[Note: If charts with linear-function scales are used, substitute (1)Y2 for 1.]

16. Using thisinformation and the formulas provided on the MFC Sampler Flow-Check Data Shest,
caculate the QC check percentage differences.

QC&check % difference * [100] Qu(samplen %_Qa(oriﬁce) (12)
Q (orifice)

where Q, (sampler) is measured with the orifice transfer sandard being installed.

Record this value on the MFC Sampler Flow-Check Data Sheet and plot on the QC control
chart. If the sampler flow rate iswithin 90 to 110 percent (£ 10 percent difference) of the
caculated Q, (orifice) flow rate (in actua volumetric units), the sampler cdibration is acceptable. If
these limits are exceeded, investigate and correct any malfunction. Recdibrate the sampler before
sampling is resumed. Differences exceeding +10 percent may result in the invdidation of dl data
collected subsequent to the last cdlibration or valid flow check. Before invalidating any data,
double-check the orifice transfer standard’ s cdibration and al caculations.
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17. Cdculate the corrected sampler flow rate, Q, (corrected sampler) usng Equation (16):

(100 & % difference)

Q,, (corrected sampler) * [Qa(mpler)] o0

(16)

where Q, (sampler) is measured without the orifice transfer sandard being instaled and where the
QC-check percentage difference was obtained from Equation (12) above.

Note: Take careto use the correct sign (i.e., positive or negative) for the percent difference when
itisused in Equation (16).

18. Cdculate and record on the MFC Sampler Flow-Check Data Sheet the percentage difference
between the inlet’s design flow rate (e.g., 1.13 m¥min) and the corrected sampler flow rate as:

Q, (corrected sampler) & 1.13
1.13 '

Deggn flow rate % difference * [100] a7)

It isassumed in this section that the inlet is designed to operate at aflow rate of 1.13 actud
m¥/min. If the design flow rate percentage difference is less than or equal to +10 percent, the
sampler cdibration is acceptable. If the difference is greater than £10 percent, investigate potential
error sources and correct any mafunction. Recalibrate the sampler before sampling is resumed.
Differences exceeding £10 percent may result in the invalidation of al data collected subsequent to
thelagt cdibration or vaid flow check. Before invaidating any data, double-check the sampler’'s
cdibration, the orifice transfer sandard’ s certification, and dl calculations.

Note: Deviations from the design flow rate may be caused in part by deviationsin the Ste
temperature and pressure from the seasonal average conditions. Recal culate the seasona SSP
according to Equation (8) in Section 2.3.4 to determine if the flow controller should be adjusted.

19. Set up the sampler for the next sampling period according to the operating procedure in Section
3.3.
3.5.2 QC Flow-Check Procedure—VFC Sampler

The indicated flow rate (Q,[sampler]) for VFC samplersis caculated by determining (1) the relative
stagnation pressure (APy,), (2) the ambient temperature (T,), and (3) the barometric pressure (P,)
during the flow check. These values are then gpplied to the sampler’ s cdibration relationship.

Note: Do not attempt to conduct a flow check of PM,, samplers under windy conditions. Short-term
wind veocity fluctuations will provide variable pressure readings by the orifice trandfer sandard's
manometer. The flow check will be less precise because of the pressure variations.

Note: An dternative QC flow-check procedure may be presented in the manufacturer’ sinstruction
manud. It is recommended that the manua be reviewed and the various methods be evaluated. In-
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house equipment and procedura smplicity should be consdered in determining which method to use,

1

Collect the following equipment and transport it to the monitoring stetion:
* Anorifice transfer dandard and its cdibration relationship in actud volumetric flow units (Q,).

* Anassociated oil or water manometer, with a 0- to 400-mm (O- to 16-in.) range and minimum
scaedivisonsof 2mm (0.11in.).

* Anoil or water manometer, with a 0- to 1,000-mm (0- to 36-in.) range and minimum scale
divisonsof 2 mm (0.1 in.) or other pressure measurement device for messurement of the
sampler stagnation pressure. [dedly, this manometer (or other pressure measurement device)
should be associated with the sampler.

Note: Manometers used for QC flow checks may be subject to damage or mafunction and
thus should be checked frequently.

» A thermometer capable of accurately measuring ambient air temperatures over arange of 0 to
50 EC to the nearest 0.1 EC. Thisthermometer should be traceable with an accuracy of
0.1 EC to aNIST-certified thermometer or an ASTM thermometer.

» A portable aneroid barometer (e.g., aclimber’s or engineer’ s dtimeter) capable of accurately
measuring ambient barometric pressure over the range of 500 to 800 mm Hg (66 to 106 kPa)
to the nearest millimeter Hg and referenced within 5 mm Hg of a barometer of known
accuracy at least annualy.

* Thesampler’scdibration rdationship (i.e., lookup table or dternative calibration relaionship).
* A cdean flow-check filter loaded into afilter cassette.
¢ A VFC Sampler Flow-Check Data Sheet (Figure 3.6) or a site logbook.

Set up the flow-check system as previoudy illustrated in Figure 2.4. VFC samplers are normally
flow-checked with aloaded filter cassettein line (i.e., between the orifice transfer sandard and the
motor). The orifice transfer sandard should be ingtaled without fixed resistance plates or with the
adjustable resstance vave fully open.

A flow-check filter should never be used for subsequent sampling because particles larger than
10 pm can be collected on the filter while theinlet israised. The sample mass will be biased asa
result of using afilter for both aflow check and subsequent sampling.

Caution: Tighten the faceplate nuts on aternate cornersfirgt to diminate leaks and to ensure even
tightening. The fittings should be hand-tightened; too much compresson can damege the sedling
gasket. Make sure the orifice gasket isin place and the orifice transfer sandard is not cross-
threaded on the faceplate.

Turn on the sampler and alow the sampler to warm up to operating temperature (3 to 5 min).
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VFC Sampler Flow Check Data Sheet

7

Station Location Glendora, CA  Date 10/3/97 Time 3:25 PM

Sampler Model Wedding SIN 0340870172 Operator T. Wisbeth
P

P, 75 mmHg T, 21.3ECor 294.3K Unusual Conditions none

Orifice SIN 10387

Orifice Calibration Relationship:

Orifice Pressure Drop (AH,0) 4.65

Stagnation Pressure Drop (AP,)
Absolute Stagnation Pressure (P,)°
Stagnation Pressure Ratio (P,/P,)
Q,(sampler)®

QC—Check Percentage Difference’
Q, (corrected sampler)®

Design Flow Rate Percentage Difference'

m =

Orifice Calibration Date 7/22/97
-0.0062 0.9999
Q, (orifice)®

b= r=

1.2430
in. H,O

1.087 m3/min

With Orifice Installed Without Orifice Installed

37 mm Hg 30 mm Hg
720 mm Hg 727 mm Hg
0.951 0.960
1.137 m*min 1.164 m¥min
4.6 %
1.110 m3/min
-1.7 %

2 Q,(orifice) = {[A(H,0) (T/P)I* - b} {1/m}

b P =P,- AP,

Determine Q, (sampler) from manufacturer’s lookup table (or from alternate calibration relationship).

Q_(sampler) & Q, (orifice)

where Q_ (sampler) is measured

QC&check % difference * [100] [

Q_(corrected sampler) = Q_(sampler) [

Design flow rate % difference * [100]

Q, (orifice) with the orifice installed.

|

100 & QC % difference| where Q,(sampler) is measured

|

Q_(corrected sampler) & 1.13
1.13

without the orifice installed.

|

100

Figure 3.6. Example VFC sampler flow check data sheet.
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10.

11.

Note: The sampler inlet may be partialy lowered over the orifice transfer sandard to act asa
draft shidd (if ashield is not otherwise provided). Use ablock to provide at least 2 in. of clearance
at the bottom for ar flow and for the manometer tubing.

Read and record the following parameters on the VFC Sampler Flow-Check Data Sheet (Figure
3.6):

» Sampler location and date

e Sampler /N and model

e Ambient temperature (T,), EC and K

e Ambient barometric pressure (P,), mm Hg or kPa

*  Unusud westher conditions

» Orificetransfer sandard S/N and cdibration relationship
* Operator’s Sgnature.

Ingpect the manometers for crimps or cracks in the connecting tubing. Open the valves and blow
gently through the tubing, watching for the free flow of the fluid.
Adjust the manometers diding scales so that the zero lines are at the bottom of the meniscuses.

Connect the orifice manometer to the orifice transfer sandard, and the sampler manometer to the
sampler stagnation pressure port located on the Side of the sampler base. Ensure that one side of
each manometer is open to atmospheric pressure. Be sure that the connecting tubing snugly fits the
pressure ports and the manometers.

Read the pressure drop as indicated by the orifice manometer (AH,0) and record on the VFC
Sampler Flow-Check Data Sheet. Read the stagnation pressure drop and record as APy, (mm
Hg) on the data she«t.

Note: Be sure to convert APy, to mm Hg using Equation (9) before recording the reading on the
data sheet

mm Hg = 25.4 (in. H,0/13.6) . 9)
Turn off the sampler and remove the orifice transfer sandard.

With only aloaded filter cassette in line, turn on the sampler and dlow it to warm up to operating
temperature.

Read and record the stagnation pressure drop (AP,) for the normal operating flow rate. Turn off
the sampler. Replace the vacuum cap on the stagnation pressure port.

Calculate and record Q, (orifice) flow rate for the flow-check point, asin Equation (4),
reproduced below:

Qa (orifice) = { [(AH0)(T./PJ]"* - b} { U/m} (4)
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12.

13.

14.

15.

where

Q, (orifice) = actua volumetric flow rate as indicated by the orifice transfer standard,
mé/min
AH,O = pressure drop across the orifice, mm (or in.) H,O

T, = ambient temperature during use, K (K = EC + 273)
P, = ambient barometric pressure during use, mm Hg (or kPa)

b = intercept of the orifice transfer sandard’ s cdibration relationship
m = dope of the orifice transfer sandard’ s cdibration relationship.

Cdlculate and record the vaue of P, (mm Hg) for the measurements with and without the orifice
ingdled

P,=P,- APStg (10)
where

P, = stagnation pressure, mm Hg or kPa
P, = ambient barometric pressure, mm Hg or kPa
APy, = stagnation pressure drop, mm Hg or kPa.

Cdculate and record the stagnation pressure ratio for the measurements with and without the
orificeingdled.

Stagnation pressureratio = P, /P, (11
where

P, = Stagnation pressure, mm Hg or kPa.
P, = ambient barometric pressure, mm Hg or kPa.

Refer to the instrument manufacturer’ s lookup table (or dternative cdibration relationship as
described in Section 2.4.4) and determine the Q, (sampler) flow rates (m*/min) for the
measurements with and without the orifice ingtdled as indicated for the ratio of P,/P, and ambient
temperaturein EC. Record these values on the VFC Sampler Flow-Check Data Sheet.

Usng Q, (orifice) and Q, (sampler) for the measurements with the orifice ingdled, cdculate the
QC-check percentage difference as.

QC&check % difference = [100] Qa(samplen) & Q, (onifice : (12)

Q, (orifice)

Record this value on the VFC Sampler Flow-Check Data Sheet and plot it on the control chart
for QC flow checks. If the QC-check percentage difference is# +10 percent, the sampler
cdibration is acceptable. Those differences exceeding £10 percent will require recdibration.
Investigate potential error sources and correct any malfunction. Differences exceeding £10 percent
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16.

17.

may result in the invalidation of dl data collected subsequent to the last cdlibration or valid flow
check. Before invaidating any data, double-check the sampler’s cdibration, the orifice trandfer
standard'’ s certification, and al cdibrations.

Using this percentage difference and Q, (sampler) from the measurements without the orifice
ingaled (i.e., for the normal operating flow rate), caculate the corrected sampler flow rate as:

(16)

Q, (corrected sampler) * [Qa(mpla)] [(100 & % differenoe)} .

100

Record Q, (corrected sampler) on the VFC Sampler Flow-Check Data Shest.

Determine the design flow rate percentage difference between the inlet design flow rate (eg., 1.13
m*/min) and Q, (corrected sampler) as;

(15)

Q, (corrected sampler) & 1.13}

Dedgn flow rate % difference * [100] [ e

Record this design flow-rate percentage difference on the VFC Sampler Flow-Check Data Sheet
and plot it on the control chart for the fidd vaidation of flow rates. When plotting thisvaue, use a
different symboal than is normaly used for plotting vaues that are obtained during sampling periods.
If the design flow-rate percentage differenceis# +10 percent, the sampler calibration is
acceptable. Those differences exceeding +10 percent will require recdibration. Investigate
potential error sources and correct any mafunction. Differences exceeding £10 percent may result
in the invalidation of al data obtained subsequent to the last cdibration or vaid flow check. Before
invalidating any data, double-check the sampler’s cdibration, the orifice transfer sandard's
certification, and dl cdculations.
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4.0

The accuracy of a PM,, sampling program depends on severd factors. A primary consderation isthe
andytica laboratory staff’ s attention to detall and baance technique. This section offers guiddinesto
enhance the accuracy of the laboratory operation and, hence, the mass concentration determinations of
PM 4.

Filter Preparation and Analysis

The agency must be aware of two primary sources of error in the handling of HV PM filters:

1. Lossof particlesduring shipment or handling. Section 4.1 presents guiddines to help prevent
postsampling particle loss.

2. Artifact formation errors are caused by the retention of sulfur dioxide in the form of sulfate
particulate on dkdinefilters. The results of experimentsinvolving avariety of filtersindicated that
sulfate loading errors of the order of 0.3 to 3.0 pg/m?® can be expected with the use of common
glassfiber filters under norma hi-vol sampling conditions and thet larger sulfate errors are possible
under extreme sampling conditions (see Coutant, 1977). A neutrd or low-akalinity filter medium
will diminate excessve artifact formation.

Accuracy, precison, and cdibration procedures for the laboratory apparatus are referenced in Section
2, Table 2-1. The recommended filter media and acceptance criteria of 40 CFR Part 50, Appendix M,
are summarized in Table 4-1. The specifications given in this table are minimum requirements to ensure

acceptability of the data for determining the PM,, mass concentration in the atmosphere.

TABLE 4-1. SUMMARY OF FILTER ACCEPTANCE CRITERIA

Criteria

40 CRF 50, Part Appendix M

Explanation

Collection efficiency

>99 percent as measured by the
dioctyl phthalate (DOP) test with
0.3-um particles at the sampler’s
operating face velocity.

The apparatus needed to perform this test
is not available for a typical analytical
laboratory. The operating agency must
ensure that the filter manufacturer has
complied with this guideline (see ASTM
1993).

Integrity 5 pg/m?, measured as the During a simulated sampling test, all
concentration equivalent sampling procedures are followed except
corresponding to the difference the HV PM,, sampler is not turned on.
between the initial and final weights  The tare weight of the equilibrated filter
of the filter, assuming a 24-h sample  must agree within £8 mg of final weight.
volume of 1,600 m?. Refer to Section 3.0, “Field Operations,”

for recommended HV PM,, sampling
procedures.

Alkalinity <25 microequivalents/g of filter A typical analytical laboratory is capable

of conducting this test measurement of
alkalinity (see Harrell 1985).

Quality Assurance Handbook, Vol. Il, Part Il
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The microquartz fiber filter is currently the only commercidly available HV PMy, filter that stidfiesdl
criteriaspecified in 40 CFR Part 50, Appendix M. Thesefilters may be brittle, which makes them more
difficult to handle. They may be more expensive than glassfiber filters. The operating agency must
evauate new filter media (as they become available) to ensure that they comply with Federa guiddines.
Laboratory activities are summarized in Table 4-2.

4.1 Filter Handling

Quartz filter materid may be brittle and subject to shearing and breskage. Laboratory and field
personnel must be aware of these characteristics and handle sample filters with care.

For convenience, tare-weighed filters should be packed in groups of 50 or lessin their origind
container or in abox of comparable size. The filters should be separated by a sheet of 8-1/2- x 11-in.
tracing paper. Filter inventory can be controlled by stacking the filtersin numerica order so that the
operator will use the proper filter first. One side of the shipping box can be cut away to dlow the
operator to remove the filter easily without damaging the corners.

A filter identification number must be assigned to each filter. Because it is extremely difficult to see the
“up” dde (i.e, the sde with the dightly rougher texture) of the quartz filter, conastency in labding these
filterswill alow the balance operator easy accessto the filter ID number for documentation and cross-
referencing of |aboratory data forms. Thiswill dso diminate confusion in loading the filter cassettes for
subsequent sampling. If thefilter ID number isto be embossed by the operating agency, gentle pressure
must be used to avoid filter damage, and extreme care must be taken to avoid duplication or missed
numbers.

If samples are to be mailed, the field operator should be supplied with reinforced envelopes and manila
foldersfor protection of the exposed filters during their return to the andytica laboratory. These manila
folders may be printed to serve as sample data sheets.

4.2 Visual Filter Inspection

All filters must be visudly inspected for defects before their initid weighing, and defective filters must be
rgected if any are found. Batches of filters containing numerous defects should be returned to the
supplier.

Specific defectsto look for are:

«  Pinhole—A smdl hole appearing as (1) adigtinct and obvious bright point of light when examined
over alight table or screen, or (2) a dark spot when viewed over a black surface.

e Loose maerid—Any extraloose materid or dirt particles on thefilter that require remova by
brushing prior to weighing.

«  Discoloration—Any obvious visible discoloration that might be evidence of a contaminant.

«  Filter nonuniformity—Any obvious visble nonuniformity in the appearance of the filter when
viewed over alight table or black surface that might indicate gradations in porosity across the face
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of thefilter.
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«  Other—A filter with any imperfection not described above, such asirregular surfaces or other
results of poor workmanship.

4.3 Filter Equilibration

Filters must be equilibrated in a conditioning environment for at least 24 h before being weighed. This
can be done in an equilibration chamber or in an environmentaly controlled weghing room. Reletive
humidity (RH) should be held congtant at a mean value between 20 and 45 percent, with a variability of
not more than +5 percent. Temperature should be held constant with a mean va ue between 15 and

30 EC, with avariability of not more than £3 EC. An air-conditioned room may be used for
equilibration if it can be maintained in this RH and temperature range while the filters are equilibrating.
RH and temperature must be checked and recorded on equilibration days (either manudly or by a
hygrothermograph) to ensure compliance with these guiddines. Equilibration chamber mafunctions,
discrepancies, and maintenance activities aso should be recorded in the equilibration chamber or
|aboratory logbook.

4.4 Initial Weighing Procedures (Tare Weight)

Enough filtersto last for at least a 1-month sampling period should be numbered and weighed at one
time.
Filters must be weighed on an andlyticd balance with a minimum resolution of 0.1 mg and a precison of

0.5 mg. Each balance used in the weighing procedures must be identified by a balance number. Each
balance should be assigned a block of filter numbers to be used sequentialy. The procedures follow:

1. Make surethat the baance has been calibrated (at least annudly) and maintained according to
manufacturer’ s recommendations. If the balance is out of cdlibration, have it calibrated according
to manufacturer’ s directions.

2. Zero the balance according to manufacturer’ s directions.

3. Perform aQC check using working mass reference standards on the anaytica balance. (Proce-
dures are outlined in Section 4.5.)

4. If filters must be weighed outside the conditioning chamber, take care to avoid interference with
ambient hygroscopic particles and begin the weighing procedure within 30 s. Weigh the filter
according to manufacturer’ singructions, making sure that a stable reading is obtained. At routine
intervals, check the zero and calibration of the balance as outlined in Section 4.5.

Note: Be careful when loading and unloading the balance with quartz filters. The corners and
edges of the filter should not bump the balance door because the filter may bresk or filter materid
may be log.

5. Pacethetared filter, with thefilter ID number facing upward, in its origind container or a
comparably sized box. Place a sheet of 8-1/2- x 11-in. tracing paper between each filter.

6. Record the balance number, the filter ID number, and the tare weight on the Laboratory Data
Form (see Figure 4.1) or aternative data recording medium. When bound, these forms serve
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Filter Lot Number 9708 Analyst  R. Wright

Balance Number 543201 QC Supervisor  R. Shores
Presampling Filter Weighing Date 10/11/97 RH 43 Temp 76
Postsampling Filter Weighing Date 10/17/97 RH 48 Temp 75

Sampler Presampling Postsampling Net Mass Filter
Number Filter Number? Mass (9) Mass (9) Loading (9)
— zero 0.0000 0.0000 —
— std. wt. 1 3.0002 3.0005 —
— std. wt. 2 5.0005 5.0001 —
A4 67143 3.9147 3.9714 0.0567
B4 67144 3.9089 3.9550 0.0461
C4 67145 3.9100 3.9973 0.0873

4Indicate zero (tare) check or working standard check here.

Quality Assurance Handbook, Vol. Il, Part Il

Figure 4.1. Example laboratory data form.
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as alaboratory notebook. Any filter weight outside of the normal range of 3.7 to 4.7 g should be
investigated immediately. Sequentidly number each form in the upper right corner.

7. Perform the tare and gross weight QC checks as detailed in Section 4.5 and submit dl datato the
QC supervisor for review. (Minimum QC supervisor activities are also presented in Section 4.5.)

45 Internal QC

During the filter weighing process, the following QC checks are recommended. All QC data, including
the actua and measured weights, the date, and the operator’ s initids, should be recorded on an Interna
Quality Control Log Shest (see Figure 4.2).

45.1 “Standard Weight” Check

Before the firg filter is weighed, the balance should be checked by weighing a pair of working mass
reference standards with welghts between 1 and 5 g should be used. If the actud and measured values
differ by more than £0.5 mg, the values should be reported to the supervisor before proceeding. If the
actual and measured vaues agree within £0.5 mg, each filter should be weighed to the nearest
milligram. “ Standard filter” checks are not arecommended QC check for HV PM, filters. With
repested handling, the quartz filter will degrade rapidly and not dlow for reproducible data.

45.2 Zero and Calibration Checks

After every 5to 10 weighings, the operator should recheck the balance zero and record these check
vaues on the Internd Quadlity Control Log Sheet. Zero QC checks within £0.5 mg of true zero are
acceptable.

The cdlibration of the balance must be checked &t least daily and possibly after every 15 filters unless
laboratory records indicate that the balance is stable over longer periods of time. A pair of working
meass reference standards with weights between 1 and 5 g should be used. These weights must dso
agree within £0.5 mg. Larger discrepancies should be corrected immediately. When zero and
cdibration checks exceed acceptable limits, dl previoudy weighed filters must be rechecked.

453 Tare and Gross Weight Checks

On each day of operation, the operator should reweigh five to seven exposed and unexposed filters per
baance. Weights of clean filters should be within £2.8 mg of origind vaues; if not, troubleshooting and
reweighing arein order. Because of the loss of volatile components, no definitive limits are set for
exposed filters, however, if the difference exceeds £5.0 mg, the laboratory QC supervisor should
investigate immediately.

45.4 QC Supervisor Duties

The supervisor should keep a bound QC notebook. These notebooks should contain al QC data,
including baance cdlibration and maintenance information, interna routine QC checks, and
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Filter Lot Number 9708 Analyst R. Wright
Balance Number 543201 QC Supervisor R. Shores
Zero (Tare) Check Working Standard 1 Working Standard 2
Analysis Date Weight (mg) Weight (mg) Weight (mg)
10/11/97 0.0000 3.0002 5.0005
10/17/97 0.0000 3.0005 5.0001
First Second Filter Number
Date Date (Tare or Gross) First Weighing (g) Second Weighing (g)
10/1 | 10/17 67141 (t) 3.9035 3.9050
0
67142 (t) 3.9153 3.9147

Figure 4.2. Example laboratory internal QC log.
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independent audits. For cross-checking, the supervisor should reference all QC data on the Interna
Quality Control Log Shest to the [aboratory QC logbook. Control charts should be maintained on each
balance and dso included in the logbook. These charts will indicate any excess drift caused by an
insrument mafunction.

The QC supervisor must certify the acceptability of dl filter weights and recorded QC data daily.

4.6 Postsampling Documentation and Inspection
Upon receipt of exposed filters from the field, the sample custodian should follow this procedure:

1. Examinethefidd data sheet. Determine whether al data needed to verify sample vaidity and to
ca culate mass concentration are provided (e.g., average flow rate, ambient temperature and
barometric pressure, and eapsed time). Void the sample if data are missing or unobtainable from a
field operator or if asampler mafunction is evident.

2. If the exposed filter was packaged for shipment, remove thefilter from its protective envelope and
examine the shipping envelope. If sample materid has been didodged from afilter, recover as
much as possible by brushing it from the envelope onto the deposit on the filter with a soft camel-
hair brush.

3. Match thefilter ID number with the correct |aboratory data form on which the origind balance ID
number, filter ID number, filter tare weight, and other information are inscribed. The sample
custodian should group filters according to their recorded baance ID numbers. Initid separation of
filters by balance ID number will decrease the probability of abalance error that could result from
the use of different balances for tare and gross weights.

4. Remove the filter from the protective manilafolder. Should thefilter beretained in itsfilter casseite,
loosen the nuts on the top and remove thefilter. Overtightening of the nuts may cause the filter to
adhere to the cassette gasket. Gently remove it by the extreme corners to avoid damage. Inspect
thefilters for any damage that may have occurred during sampling. Conduct a secondary check of
asample svdidity (as presented in Section 3.3). If insects are embedded in the sample deposit,
remove them with Teflon-tipped tweezers and disturb as little of the sample deposit as possible. If
more than 10 insects are observed, refer the sample to the supervisor for a decision on acceptance
or rgection of thefilter for andysis.

5. Place defect-freefiltersin protective envelopes and forward them to the laboratory for weighing
and andysis. File the data sheets for subsequent mass concentration caculations.

6. Place defectivefilters, with the type of defect(s) listed, in separate clean envelopes, labd the
envelopes, and submit them to the laboratory supervisor for final approvd of filter validity.
4.7 Final Weighing Procedure (Gross Weight)

1. Pacethe defect-free filter(s) in a conditioning environment and alow them to equilibrate according
to procedures outlined in Section 4.3.

2.  Repeat Steps 1 through 6 of the HV PM,, filter tare-weighing procedure (Section 4.4). Record
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the indicated gross weight on the Laboratory Data Form.
3. Peformtheinternd QC checks described in Section 4.5 to ensure the vadidity of reweighing.

4. If theHV PMy, filter isnot to receive additiona analyss, place it in a protective envelope or
folder. Deliver weighed filters to the sample custodian for archiving.

5. If thefilter isto receive further andysis, place it in a protective covering and note on the envelope
or folder what additiona analyses are required. Place an asterisk after the gross weight column on
the Laboratory Data Form to indicate that the filter requires additiond analyss. Carefully transport
each packaged filter to the sample custodian, who will forward it to the laboratory responsible for
the additiona anayses.

4.8 Calculation of PM;o Net Filter Loading

The gross weight minus the tare weight of an HV PMy, filter isthe net weight of PM,, for that filter.
Each caculation of this process must be independently vaidated. Refer to Section 5.0 for information
regarding the cdculation of PM,, mass concentration.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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5.0 Calculations, Validations, and Reporting PM,, Data

Measurements of PM ;4 mass concentration in the atmosphere that are used to determine attainment of
the NAAQS for particulate matter must be expressed in units of micrograms per actua cubic meter
(Ug/m?) of air. This section presents the cal culations required to compute and report ambient PM
concentrations. A summary of al caculation formulas and associated symbols presented in this
document isgivenin Table 5-1.

Particle Size discrimination by inertial separation requires that specific air velocities be maintained in the
sampler’sair inlet system. These design velocities are obtained when a specified “ design flow rate” is
maintained. The design flow rate is specified as an actud volumetric flow rate (Q,), measured &t exigting
conditions of temperature (T,) and pressure (P,).

The sampler’ s operationd flow rate (i.e., the actud flow rate when the sampler is operating
normaly to collect aPM,, sample) should, of course, be very close to the design flow rate. All PM
samplers have some means for measuring the operationd flow rate, and that flow rate measurement
system must be cdibrated periodicaly with a certified flow rate transfer sandard. Usudly,
measurements (or estimates) of ambient temperature and barometric pressure are required to get an
accurate indication of the operationd flow rate. For determining the average sampler flow rate over a
sample period, use of average temperature (T,,) and average barometric pressure (P,,) over the sample
period is recommended. However, if average temperature and pressure values (or reasonable
estimates) cannot be obtained for each sample period, seasona average temperature (T,) and
barometric pressure (P,) for the Site may be subgtituted.

T,, and P,, readings may be recorded onsite or estimated from data obtained from a nearby U.S.
National Westher Service Forecast Office or airport weather station. Barometric pressure readings
obtained from airports or other sources must be at station pressure (i.e., not corrected to sealeve), and
they may have to be corrected for differences between the eevation of the monitoring Ste and that of
the arport. If individud T,, and P,, readings cannot be obtained for each sample period and seasonal
averages for the Ste are routinely substituted, care must be taken that the actual temperature and
barometric pressure at the Site can be reasonably represented by such averages. It istherefore
recommended that seasond average temperature and pressure vaues (T and Py) for the Site be used
only when these values are within 20 K and 40 mm Hg (5 kPa) of the actud average temperature and
barometric pressure (T,, and P,,) for the sample period.

The cdculations presented in this section assume that the sampler has been cdibrated in actud
volumetric flow-rate units (Q,) and that individual average temperature and barometric pressure values
are used for each sample period. If seasond average temperature and pressure vaues for the Site are to
be used, T, may be substituted for T,,, and P, may be subgtituted for P,, in Equations (7), (7a), and
(14).
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TABLE 5-1. FORMULAS ASSOCIATED WITH PM,, MONITORING
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5.1 Calculations

5.1.1. Flow Rate Calculations

Because flow-control methods (and hence, cdlibration procedures) vary among different sampler
modds, the calculations necessary to determine the average actud flow rate during a sample run will
adso differ. Thefollowing genera procedures are recommended for caculating the average ambient flow
rate of the HV PM,, sampler. In this section, it is assumed that the samplers have been cdibrated
according to procedures outlined in Section 2.0.

Note: Congstency in unitsis required. Adoption of uniform designations of Kelvin for temperature and
millimeters Hg (or kPa) for pressure is recommended in dl calculations.

5.1.1.1 MFC Sampler

The average actud flow rate for the sample period is caculated by determining (a) the average of the
initial and finadl manometer readings (AP, [or the average flow recorder trace], (b) the average ambient
temperature (T,,), and (c) the average ambient barometric pressure (P,,) during the sampling period
and gpplying these vaues to the cdibration relationship.

Each sampler’ s flow measurement system should be cdibrated periodicaly, and the cdibration should
be described by a mathematical expresson (e.g., aleast-squares linear regression equation) that
indicates the dope and intercept of the cdibration relationship. Following the procedure in Section 2.0,
this expresson isin the form of:

Q, " i[AP_ (T, %30)/P, 1" & b> §1/m> )
where
Ta = the sampler’s average actua flow rate for the sample period, m*min
AP, = average of initial and final sampler manometer reedings, (AP, * APe(f)/Z, mm (or

in.) H,0O
T, =average ambient temperature for the sample period, K (K =EC + 273)
P, =average ambient pressure for the sample period, mm Hg (or kPa)
b = intercept of the sampler cdibration relationship
m = dope of the sampler cdibration relationship.

[For the flow recorder,

Q, " T[(T %30)/P_1"% & b> §1/m> (73)
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where
T = average flow recorder reading for the sample period]

5.1.1.2 VFC Sampler

The average actud flow rate for the sample period is calculated by determining the retio of the average
absol ute stagnation pressure to the average ambient barometric pressure (P,/P,,) and the ambient
average temperature (T,,) for the sampler period.

1. Cdculaethevadueof P, in millimeters Hg (or kPa):

Pl ) I:)av & APstg (10)

where

P_1 = average absolute stagnation pressure for the sample period, mm Hg or kPa

P, = average barometric pressure for the sample period, mm Hg or kPa
Wstg = average of initid and final relative stagnation pressure readings, mm Hg or kPa.
Note: Be sure to convert awater manometer reading to mm Hg using Equetion (9) before
recording the reading on the data sheet:

mm Hg = 254 (in. H,0/13.6) . 9)

2. Cdculate and record the value of the average stagnation pressure ratio:

Average stagnation pressure reio * P_ll P, - (11)

3. Usethe manufecturer’s lookup table (or dternate calibration relationship; see Section 2.0) to
determine Q_from the average stagnation pressureratio (P, /P, ) and T, for the sample period.
Thisvdueof Q, isthe average volumetric flow rate for the sampler period.

5.1.2 Calculation of PM,, Concentrations

Accurate reporting of total PM,, mass concentration data requires the caculation of the total standard
volume of air sampled (Equation [18]) and the final computation of tota PM,;, mass concentration
(Equetion [19]).

1. Cdculatethetotad standard volume of air sampled:
V.= (Q) (1) (18)
where

V, = tota volume of air sampled in volume units, n?
Q, = average sampler flow rete m¥/min

t = tota dgpsed sampling time, min.

2. Cdculatetota PM,, mass concentration in pg/m?:

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.5.0 Calculations, Validations, and Reporting p,;, Data September 1997 Page 7 of 8

PM o = (10°)(Wg - WH)/V, (19)

where

PM,, = PM,, mass concentration, pg/m?
10° = converson factor, ug/g

Wg, Wt = gross and tare weights of the HV PM,, filter, respectively, g
V, = totd sample volumein volume units, m*/min.

5.2 Calculation Validation

Data necessary to compute the mass concentration of PM, originate from two main sources: field
operations and laboratory operations. These data must be validated to ensure that dl reported PM
measurements are accurate relative to the overall scope of the QA program. When the find mass
concentration of PM,, in a sample has been computed, the validation procedure will not only check on
these computations, but will aso aid in flagging questionable mass concentrations (i.e., extremely high or
low values). Therefore, should a mass concentration approach the primary or secondary ambient air
qudity standard, this vaidation procedure will provide checksfor al preiminary field and laboratory
operations. The steps of the calculation vaidation procedure are as follows:

1. Gather thefollowing datafor each sample:

e Totd sampling time, min
*  Average actud volumetric flow rate, Q_, mé/min
» Tareand gross weights, Wt and W(g, of the HV PM, filter, g.

2. Recdculate the total mass concentration of PM,, for seven samples per 100 (minimum of four per
lot) as specified in Sections 5.1.1 or 5.1.2. These suggested frequencies may be adjusted
subsequently, based on accumulated experience and level of data quality. Decrease the frequency
if experience indicates that data are of good qudity, or increase it if data are of margina or poor
quality. It is more important to be sure that the validation check is representative of the various
conditions that may influence data quaity than to adhere to afixed frequency.

3. Compare each vaidated PM,, concentration with the origindly reported vaue. Correct any errors
that are found, initid them, and indicate the date of correction. If a high percentage of errorsis
found, check additiona calculated vaues. If consstent errors are found, check dl valuesin the
block of data and investigate and correct the cause.

4. Scan dl total mass concentration values, note those that appear excessively high or low and
investigate. Repesat Steps 2 and 3 for these samples.

5. If dl mass concentration computations gppear correct and questionably high or low vaues till
exig, review al raw data (i.e., sample time, average actud volumetric flow rate, and its subsequent
correction to standard conditions) for completeness and correctness.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.5.0 Calculations, Validations, and Reporting p,;, Data September 1997 Page 8 of 8

5.3 Data Reporting

Attainment of the standards for particulate matter in the ambient air is based on the measured mass
concentration of PM,,. Information on reporting and interpretation of PM,, data with respect to the
attainment of these sandardsis covered in 40 CFR Part 50, Appendix K.
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6.0 Maintenance

Preventive maintenance is defined as a program of positive actions amed to prevent failure of
monitoring and andytica systems. The overal objective of aroutine preventive maintenance program is
to increase measurement system reliability and to provide for more complete data acquisition.

This section outlines genera maintenance procedures for HV PM ;o samplers. For more complete
information on a particular sampler, or on laboratory equipment maintenance, refer to the
manufacturer’ singruction manud for the individua insrument. Table 6-1 summarizes maintenance
activitiesfor the HV PM,, sampler.

Records should be maintained for the maintenance schedule of each HV PM,, sampler. Files should
reflect the history of maintenance, including al replacement parts, suppliers, costs, expenditures, and an
inventory of on-hand spare equipment for each sampler. Check sheets should be used to record
preventive and/or corrective maintenance activities and the subsequent sampler cdlibration curve.

6.1 Maintenance Procedures

The HV PM,, sampler is comprised of two basic components: the inlet and the flow control system.
Because of the differences between sampler models, it will be necessary to refer to the manufacturer’s
ingruction manua for specific, step-by-step maintenance guidelines and necessary supplies.

6.2 Recommended Maintenance Schedules

Although no maintenance schedule is explicitly prescribed in the Reference Method (40 CFR Part 50,
Appendix M), fidd testing of the most common HV PM,, samplers determined the following
maintenance frequencies.

6.2.1 Impaction Inlet

The impaction inlet should be dismantled and cleaned at intervas pecified by the manufacturer to
preclude problems with particle bounce. It is recommended that scribe marks be etched on theinlet to
ensure proper dignment during reassembly.

Note: Bees often usethisinlet asahive, o be very careful during disassembly. A screen can be
indaled around the “lip” of the sampler inlet to prohibit larger insects from entering.
6.2.2 Cyclonic Inlet

The cyclonic inlet should be cleaned at intervas specified by the manufacturer. Theinlet is congtructed
to allow easy access to the fractionating eement through a maintenance access port.

Caution: Prolonged postioning of the cyclonic inlet at angles exceeding 90E from vertica (during
maintenance activities) may result in resdud leskage of oil from the middle tube onto the ingde surfaces
of the outer tube. If this occurs, the outer tube will require wiping with a disposable [aboratory wiper to
prevent the oil from contaminating the filter subgtrate.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume
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6.2.3 MFC Base

The MFC base is equipped with the following items:

1. Connecting tubing and power lines, which must be checked for crimps, cracks, or obstructions on
sample recovery days. Fittings should be ingpected periodically for cross-threading and tightness.

2. A filter screen, which should be inspected on sample recovery days for any impacted deposits.

3. Filter cassette gaskets, which need to be ingpected each time a cassette is loaded. A worn cassette
gasket is characterized on exposed filters by a gradua blending of the boundary between the
collected particulates and the filter border.

4. Motor and housing gaskets, which should be checked at 3-mo intervals and replaced as
necessary.

5. Blower motor brushes, which should be replaced before they become worn to the point that
damage may occur. Although motor brushes usudly require replacement after 600 to 1,000 h of
operation, the optimum replacement interval must be determined by experience. A pumice stone
can be used againgt the motor’ s contacts to ensure high conductivity. Change the brushes
according to manufacturer’ singtructions, and perform the operator’ s field-cdibration check as
presented in Section 3.5. If the sampler’ sindicated flow rate exceeds the manufacturer-specified
design flow-rate range, adjust the sampler before the next run day.

To achieve the best performance, new brushes should be properly seated on the motor’s
commutator before full voltage is applied to them. After the brushes have been changed, operate
the sampler at 50 to 75 percent of normal line voltage for approximately 30 min. The motor should
return to full performance after an additiona 30 to 45 min a normd line voltage.

Caution: The motorsthat are used for HV PM,, samplers are higher-current versions of the
motors that have been used for HV tota suspended particulate samplers. The brushes for the two
types of motor are different. Make sure that the correct replacement brushes are used for the
maintenance of HV PM,, samplers.

6. If amotor needs to be replaced, be sure to use the higher-current versions that are needed for HV
PM,, sampling. When lower-current motors are ingaled in HV PM,, samplers, the flow rate has
been found to vary with changesin the line voltage.

7. A flow controller, which should be replaced if the flow recorder indicates no flow, low flow,
excessve flow, or erratic flow. Minor adjustments can be made to ater sampling flow rates;
however, the controller generaly cannot be repaired in the fidd.

8. A flow recorder, which requires very little maintenance, but does deteriorate with age. Difficulty in
zeroing the recorder and/or significant differences (i.e., >0.3 m?/min) in average flow rates ob-
tained from consecutive sampling periods usudly indicate afaulty recorder. The recorder pens
should be replaced every 30 recording days. In dry climates, a more frequent replacement
schedule may be required.
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6.24 VFC Base
The VFC base is equipped with the following items

1. Power lines, which must be checked for crimps or cracks on sample recovery days. Fittings
should be inspected periodicaly for cross-threading and tightness.

2. A filter screen and the throat of the choked-flow venturi, which should be inspected on sample
recovery days for any impacted deposits.

3. Filter cassette gaskets, which should be checked each time afilter isingtaled. A worn cassette
gasket is characterized on exposed filters by a gradud blending of the boundary between the
collected particulates and the filter border.

4. Motor and housing gaskets, which should be checked a 3-mo intervals and replaced as
necessary.

5. Blower motor brushes, which should be replaced before they become worn to the point that
damage may occur. Although motor brushes usudly require replacement after 600 to 1,000 h of
operation, the optimum replacement interva must be determined by experience. A pumice stone
can be used againgt the motor’ s contacts to ensure high conductivity. Change the brushes
according to manufacturer’ singtructions, and perform the operator’ s field-cdibration check as
presented in Section 3.5. If the sampler’ sindicated flow rate exceeds the manufacturer-specified
design flow-rate range, recdibrate the sampler before the next run day.

To achieve the best performance, new brushes should be properly seated on the motor’s
commutator before full voltage is applied to them. After the brushes have been changed, operate
the sampler at 50 to 75 percent of norma line voltage for gpproximately 30 min. The motor should
return to full performance after an additiona 30 to 45 min a normd line voltage.

Caution: The motorsthat are used for HV PM;, samplers are higher-current versons of the
motors that have been used for HV totd suspended particulate samplers. The brushes for the two
types of motor are different. Make sure that the correct replacement brushes are used for the
maintenance of HV PM,, samplers.

6. If amotor needsto be replaced, be sure to use the higher-current versions that are needed for HV
PM, sampling. When lower-current motors are ingdled in HV PM,, samplers, the flow rate has
been found to vary with changesin the line voltage.

6.3 Refurbishment of HV PM;, Samplers

If operated in the field for extended periods, HV PM,, samplers may require mgor repairs or complete
refurbishment. If o, refer to the manufacturer’ singrument manua before work is undertaken. A
sampler that has undergone mgor repairs or refurbishment must be leak-checked and cdibrated prior
to sample collection.

Quality Assurance Handbook, Vol. II, Part Il 2.11-PM,, High Volume



2.11.7.0 Auditing Procedures September 1997  Page 1 of 17

7.0 Auditing Procedures

The operating agency must perform QA audits and process evauations to determine the accuracy of
the PM,;, monitoring system and, hence, the datait produces. The primary god of an auditing program
isto identify system errors that may result in suspect or invdid data. The efficiency of the monitoring
system (i.e., labor input vs. valid data output) is contingent upon effective QA activities. Thistrue
assessment of the accuracy and efficiency of the PM,, measurement system can only be achieved by
conducting an audit under the following guiddines:

*  Without specid preparation or adjustment of the system to be audited.

* By anindividud with athorough knowledge of the instrument or process being evauated, but not
by the routine operator.

»  With accurate, calibrated NIST-traceable transfer standards that are completely independent of
those used for routine cdibration and QC flow checks.

*  With complete documentation of audit information for submission to the operating agency. The
audit information includes, but is not limited to, types of indruments and audit transfer sandards,
ingrument modd and seria numbers, transfer-standard tracesbility, cdibration information, and
collected audit data.

The audit procedures described in this section produce two quantitative estimates of a PM ;o sampler’s
performance: the audit flow-rate percentage difference and the design flow-rate percentage difference.
The audit flow-rate percentage difference determines the accuracy of the sampler’ s indicated flow rate
by comparing it with aflow rate from the audit trandfer standard. The design flow-rate percentage
difference determines how closdy the sampler’ sflow rate matches the inlet design flow rate under
normal operationa conditions.

An independent observer should be present for the audit, preferably the routine operator of the
sampling equipment. This practice not only contributes to the integrity of the audit, but dso dlows the
operator to offer any explanations and information that will help the auditor to determine the possible
causes of discrepancies between audit-standard val ues and the sampling equipment values.

Audit techniques may vary among different models of samplers because of differencesin required flow
rates, flow-controlling devices, options utilized (i.e., continuous flow recorder), and the configuration of
the samplers. The audit procedures provided in this section are specific to HV PM;, samplersthat are
equipped with PM, inlets requiring an actud flow rate of 1.13 m?¥/min. Basic procedures for
performance audits for both the MFC and VFC samplers are given here. Other procedures or other
types of audit equipment may be acceptable if they provide equivadent results. System audits are dso
discussed. The requirements for these audits and evauations are summarized Table 7-1. Refer to
Method 12 of this volume for additiona requirements for basic performance audits. Refer to Part 1,
Section 15, of this volume for detailed procedures for performance evauations and technica systems
audits.
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7.1 Flow-Rate Performance Audit Procedure for Mass-Flow-Controlled (MFC) HV

PM.o Samplers

For this MFC procedure, the following conditions are assumed:

The MFC sampler utilizes an dectronic mass-flow controller for flow-rate control.

The sampler’ sflow rate is measured by awater or oil manometer connected to the exit orifice
plenum pressure port [or, if necessary, by a continuous flow recorder connected to the exit orifice
port and equipped with square-root-scale chart paper].

The sampler inlet is designed to operate at aflow rate of 1.13 m¥min a actud conditions; the
acceptable flow-rate fluctuation range is 10 percent of thisvaue (i.e., 1.02 to 1.24 m¥/min).

The cdibrated NIST-traceable audit transfer sandard is an orifice device with an associated water
or oil manometer.

The audit orifice transfer tandard’ s calibration relationship is expressed in actua volumetric flow-
rate units (Q,) as described in Section 2.2.

Note: Do not attempt to audit HV PM ;4 samplers under windy conditions. Short-term wind vel ocity
fluctuations will produce variable pressure readings by the audit orifice transfer Sandard’ s manometer.
The audit will be less precise because of the pressure variations.

The auditor should adhere to the following procedures during an audit of the MFC sampler:

1.

Trangport the following equipment to the monitoring Ste:

» Audit orifice transfer standard with calibration relationship in actua volumetric flow-rate (i.e,
Q. units and traceable to NIST (see Section 2.2). This orifice transfer standard should not be
the same one that is used for routine calibrations and QC flow checks.

* Anassociated water or oil manometer, with a 0- to 400-mm (O- to 16-in.) range and minimum
scdedivisonsof 2 mm (0.1in.).

» A thermometer capable of accurately measuring ambient air temperatures over arange of O to
50 EC to the nearest 0.1 EC. This thermometer should be traceable with an accuracy of
0.1 EC to aNIST-certified thermometer or an ASTM thermometer.

» A portable aneroid barometer (e.g., aclimber’s or engineer’ s dtimeter), capable of accurately
measuring ambient barometric pressure over the range of gpproximately 500 to 800 mm Hg
(66 to 106 kPa) to the nearest millimeter Hg and referenced within £5 mm Hg to a barometer
of known accuracy at least annualy.

* MFC Sampler Audit Data Sheet such as shown in Figure 7.1.

» Cleanfilter [and clean recorder chart, if aflow recorder is used to quantitatively measure the
flow rate].

Note: The Site operator is responsgble for providing the manometer (or other device) thet is
normally used for measuring the sampler’ s flow rate, the sampler cdibration relationship
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MFC Sampler Audit Data Sheet
Station Location Milford, NC Date 11/1/97 Time 10:15 AM
Sampler Model GMW S/IN 1297 Operator D. Palmer
P, 75 mm Hg T, 6 ECor 279K Unusual Conditions None
7
Audit Orifice SIN 10387 Orifice Calibration Date 7/22/97
Orifice Calibration Relationship: = 1.2430 b= -0.0062 r= 0.9999
Sampler Calibration Relationship: m= (0.9137 b= 0.2629 r= 0.9979
Orifice Pressure Drop (AH,O) in. H,O Q, (orifice)* 1.144 m3min

5.4

Sampler Pressure Drop (AP,)

Q. (sampler)® 1
Audit Flow Rate Percentage Difference®
Q,(corrected sampler)¢ 1
Design Flow Rate Percentage Difference®

With Orifice Installed

4.0 in. H,O 4.2 in H,O
116 m*min 1.151 m¥min
2.4 %

179 m3/min

4.3 %

Without Orifice Installed

a For calculation of audit orifice standard flow rates:
Q. (audit) = {{A(H,0) (T/P]** - b} {1/m}

o

For calculation of sampler flow rates:
Q.(sampler) = {[AP_/P,) (T, + 30)]*? - b} {1/m}

o

Q,(sampler) & Q,

(orifice) | where Q_ (sampler) is measured

Audit % difference * [100] [ O (orifice)
a

100 &

with the orifice installed

|

Audit % difference where Q, (sampler) is mea&

sured without the orifice

Q_(corrected sampler) = Q_(sampler) [

(1]

Design flow rate % difference * [100]

|

Auditor  F. McElroy

100 installed.
Q_(corrected sampler) & 1.13
1.13
Observer D. Palmer

Figure 7.1. Example MFC sampler audit data sheet.
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thet is currently in effect for determining the flow rate for sample periods, and any other informa:
tion or equipment that is normaly used to determine the sampler’ sindicated flow rate.

2. [If acontinuous flow recorder is being used quantitetively in lieu of a manometer to measure
sampler flow rate, record the Site location, sampler SN, date, and the auditor’ sinitials on the
blank side of a clean recorder chart. Open the front door of the sampler and ingtall the clean
recorder chart. If the MFC sampler was calibrated by using square-root-scale chart paper, the
audit must be conducted with the same type of chart paper. Observe the recorder zero setting. If
necessary, instruct the operator to adjust the pen to indicate true zero.]

3. Ingruct the operator to ingtal a clean filter in the HV PM,,. DO NOT use afilter cassette; place
the filter directly on the sampler filter screen. An audit filter should never be used for subsequent
sampling because particles >10 um can be collected on the filter whiletheinlet israised. The
sampler masswill be biased as aresult of using afilter for both an audit and subsequent sampling.

4. Ingdl the audit orifice trandfer tandard’ s faceplate on the sampler. Check that the gaskets are in
good condition and have not deteriorated.

Caution: Tighten the faceplate nuts evenly on dternate corners to properly aign and uniformly
sedt the gaskets. The nuts should be hand-tightened only; too much compression can damage the
seding gaskets.

5. Ingdl the audit orifice transfer sandard withno resistance plate, or fully open the valve of a
variable-resistance orifice. For resstance plate orifices, make sure the orifice gasket is present and
the audit orifice transfer standard is not cross-threaded on the faceplate. Sedl the audit orifice
transfer standard’ s pressure port with a rubber cap or smilar device.

6. Lesk-test the audit system (refer to Section 2.3.2, Step 5). Identify and correct any leaks before
continuing.

7. Inspect the audit orifice manometer connecting tubing for crimps or cracks. Open the manometer
vavesfully and blow gently through the tubing, watching for the free flow of the fluid. Adjust the
manometer diding scale so that the zero line is at the bottom of the meniscuses. Connect the audit
manometer to the pressure port on the orifice. Make sure the unconnected side of the manometer

is open to the atmosphere. Make sure that the tubing fits snugly on the pressure port and on the
manometer.

8. Turnon the sampler and alow it to warm up to operating temperature (3 to 5 min).

Note: The sampler inlet may be partially lowered over the audit orifice transfer sandard to act as
adraft shidd (if ashield is not otherwise provided). Use ablock to provide at least 2 in. of
clearance at the bottom for air flow and for the manometer tubing.

9. Observe and record the following parameters on the MFC Sampler Audit Data Sheet:

o Sampler location, date, time
*  Sampler modd and S/N, and cdibration relationship
*  Ambient temperature (T,), K (K = EC + 273)
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*  Ambient barometric pressure (P,), mm Hg or kPa
e Unusud weather conditions
e Audit orifice transfer sandard SN and cdibration information.

10. When the sampler has warmed up to operating temperature, observe the pressure drop across the
orifice by reading the total manometer deflection, and record as AH,O on the audit data sheet.

11. Instruct the operator to read the sampler exit orifice manometer reading, AP, [or the continuous
flow recorder response, 1], and record it on the data shest.

12. Turn off the sampler and remove the audit orifice transfer standard, but do not remove thefilter.
Turn the sampler on again and repeat Step 11 for the norma operating flow rate.

13. Gather together dl audit data, including the audit orifice transfer sandard' s cdibration informetion,
the MFC sampler’ s cdlibration data [and the recorder chart that graphicaly displays the sampler

response].
14. Veify that the correct readings have been inscribed on the data sheet.
15. Determine the flow rate through the audit orifice transfer tandard, as presented in Equation (4):
Qa (audit) = {[AHO(T/PJ]"2 - b} {1/m} (4)
where

Q. (audit) = actud volumetric flow rate asindicated by the audit orifice transfer standard,
me/min
AH,O = pressure drop across the orifice, mm (or in.) H,O
T, = ambient temperature, K (K =EC + 273)
P, = ambient barometric pressure, mm Hg (or kPa)
b = intercept of the audit orifice transfer gandard’ s cdibration relationship.
m = dope of the audit orifice transfer sandard' s cdibration relationship

16. Ingruct the operator to calculate the sampler’ sindicated flow rate, Q, (sampler) with and without
the orificeingdled, asit isnormdly done, usng the sampler’s cdibration relationship (Equation 7
[or 78], Section 2.3.3) and record both Q, (sampler) values on the data shest.

17. Cdculate the percentage difference between the sampler’ sindicated flow rate, Q, (sampler) with
the orifice ingdled, and the corresponding audit flow rate, Q, (audit), determined from the audit
orifice transfer sdandard as:

Audit flow rate % difference * [100] Qu(semplen) &,Qa(wdit) : (12)
Q,, (audt)

18. Record the audit flow rate percentage difference on the data sheet. If the audit flow rate
percentage difference is# +£10 percent, the sampler cdibration is acceptable. Differences
exceeding =10 percent require sampler recdibration and may result in invalidation of al data
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19.

20.

7.2

subsequent to the last cdibration or valid flow check. Before invalidating any data, double-check
the sampler’s calibration, the audit orifice trandfer sandard’ s certification, and al cdculations.

Cdculate the corrected sampler flow rate, Q, (corrected sampler), using Equation (16):

(100 & audit % difference)
100

Q, (corrected sampler) [Qa(sampler)] (16)

where Q, (sampler) isfor the measurement without the audit orifice trandfer sandard indtaled. Be
sureto carry over the sign of the audit percent difference from Step 17.

Cadlculate the design flow-rate percentage difference between the corrected sampler flow rate, Q,
(corrected sampler), and the inlet design flow rate of 1.13 m¥/min as:

Q_(corrected sampler) & 1.13
1.13 '

Deggn flow&rate % difference * [100] (15)

Record the design flow-rate percentage difference. If the design flow-rate percentage differenceis
# +£10 percent, the sampler cdibration is acceptable. Differences exceeding +10 percent should
be investigated and may result in invaidation of al data obtained subsequent to the last cdlibration
or vaid flow check. Before invalidating any data, double-check the audit orifice transfer
standard's certification and al calculations.

Note: Deviations from the inlet design flow rate may be caused in part by deviationsin the
ambient temperature and pressure from the seasona average conditions. Caculate the sampler set
point according to Equation (8) in Section 2.3.4 to determine if the sample set point should be
adjusted.

Flow-Rate Performance Audit Procedure for Volumetric-Flow-Controlled (VFC)
HV PM;o Sampler

For this VFC procedure, the following conditions are assumed:

The VFC sampler utilizes a choked-flow venturi for flow-rate control.

The sampler’ sflow rate is measured by a manometer (or other pressure measuring instrument)
connected to measure the stagnation pressure via a stagnation pressure port. (This procedure does
not provide an audit of a continuous flow recorder that may be connected to the exit orifice port.)

The sampler inlet is designed to operate at aflow rate of 1.13 m¥/min at actud conditions; the
acceptable flow-rate fluctuation range is 10 percent of thisvaue (i.e., 1.02 to 1.24 m¥/min).

The cdibrated, NIST-tracegble transfer standard is an orifice type with an associated water or ail
manometer.
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« Theaudit orifice trandfer sandard’ s cdibration relaionship is expressed in actua volumetric flow-
rate (Q,) units as described in Section 2.2.

Note: Do not attempt to audit HV PM ;o samplers under windy conditions. Short-term wind vel ocity
fluctuations will produce variable pressure readings by the audit orifice transfer sandard’ s manometer.
The audit will be less precise because of the pressure variations.

The auditor should adhere to the following procedures during an audit of the VFC sampler. A flowchart
of the audit proceduresis given in Figure 7.2.

1. Transport the following equipment to the monitoring Site:

* Audit orifice trandfer standard with cdibration reationship in actud volumetric flow-rate (Q,)
units and traceable to NIST. The audit orifice trandfer tandard’ s faceplate or filter cassette
may require modification to ensure agood sed during the performance audit. The audit orifice
transfer sandard should not be the same one that is used for routine caibrations and QC flow
checks.

» Anassociated water or oil manometer, with a0- to 400-mm (O- to 16-in.) range and minimum
scdedivison of 2mm (0.11in.).

e A thermometer capable of accurately measuring ambient air temperatures over arange of 0 to
50 EC to the nearest 0.1 EC. Thisthermometer should be traceable with an accuracy of
0.1 EC to aNIST-certified thermometer or an ASTM thermometer.

* A portable aneroid barometer (e.g., aclimber’s or engineer’ s dtimeter), capable of accurately
measuring ambient barometric pressure over the range of gpproximately 500 to 800 mm Hg
(66 to 106 kPa) to the nearest millimeter Hg and referenced within +£5 mm Hg of a barometer
of known accuracy at least annualy.

* VFC Sampler Audit Data Sheet such as shown in Figure 7.3.
* A deanfilter.

Note: The Site operator is responsible for providing the manometer (or other pressure measuring
device) that is normally used for measuring the sampler’ s stagnation pressure, the sampler lookup
table or dternative cdibration rdationship thet is currently in effect for determining the flow rate for
sampling periods, and any other information or equipment that is normaly used to determine the
sampler’ sindicated flow rate.

2. Ingtruct the operator to ingtdl aclean filter in the VFC sampler. A filter cassette may be used if the
audit orifice transfer sandard can be properly mounted on top of the cassette. Otherwise, ingtal
the filter without the cassette. An audit filter should never be used for subsequent sampling because
particles >10 um can be collected on the filter while the inlet israised. The sample masswill be
biased as aresult of using afilter for both an audit and subsequent sampling.

3. Ingdl the audit orifice transfer standard’ s faceplate on the sampler. Check that the gaskets are in
good condition and have not deteriorated.
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Figure 7.2. Flow chart of performance audit procedures for
volumetric-flow-controlled PM,, samplers.
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VFC Sampler Audit Data Sheet (Part 1)

Station Location Indianapolis  Date 11/24/97 Time 2:15PM
Sampler Model Wedding SIN 1040870285C
P, 73 mmHg T, 11 ECor 284 K Unusual Conditions None

9
Audit Orifice SIN 10387 Orifice Calibration Date 7/22/97
Orifice Calibration Relationship: m= 1.2430 b= -0.0062 r= 0.9999
Sampler Calibration Relationship: m= Lookup b= Table r= Used
Orifice Pressure Drop (AH,0) 4.5 in. H,0 Q, (orifice)®  1.063 m3/min

With Orifice Installed Without Orifice Installed

Stagnation Pressure (APslg) 39.37 mm Hg 33.02 mm Hg
Absolute Stagnation Pressure (P,)° W mm Hg 705.98 mm Hg
Stagnation Pressure Ratio (P,/P,) 0.9467 (see note) 0.960 (see note)
Q. (sampler)° 1.121 m¥min 1.146 m3¥min
Audit Flow Rate Percentage Difference” 55 % (see note)

Q, (corrected sampler)® 1.083 m¥min

Design Flow Rate Percentage Difference’ 4.2 %

Note: If P,/P, is less than the values that are listed in the manufacturer’s lookup table or if audit flow
rate percentage difference is greater than 10 percent, proceed to Part 2 of the VFC Sampler
Audit Data Sheet. Otherwise, complete this part.

3 Q,(orifice) = {{[A(H,0) (T/P Y2 - b} {1/m}
b Pl = Pa - AF)stg
¢ Determine Q,(sampler) from manufacturer’s lookup table (or from alternate calibration relationship).

where Q_ (sampler) is measured
with the orifice installed.

[=%

Audit % difference " [100]

Q_(sampler) & Q, (audit)
Q, (audit)

where Q,(sampler) is measured
without the orifice installed.

Q_(corrected sampler) = Q_(sampler) [100 & Audit % diﬁerence]

100

' Design flow rate % difference * [100] 3

Q,(corrected sampler) & 1.13}

Auditor R, Wright Observer K. McDaniel

Figure 7.3. Example VFC sampler audit data sheet.
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VFC Sampler Audit Data Sheet (Part 2)

Station Location Indianapolis  Date 11/24/97 Time 2:15PM

Sampler Model Wedding SIN 1040870285C

P, 73 mmHg T, 11 ECor 284 K Unusual Conditions None
9

Audit Orifice SIN 10387 Orifice Calibration Date 7/22/97

Orifice Calibration Relationship: m= 1.2430 b= -0.0062 r= 0.9999

AH,O AP, P, P./P, Q, (Orifice)
Plate No. (in.) (mm Hg) (mm Hg) (mm Hg) (P,/P )2 (m3min)

1 4.5 39.37 699.63 0.9467 0.9730 1.063
2 4.35 44 .45 694.55 0.9399 0.9695 1.045
3 4.1 52.07 686.93 0.9295 0.9641 1.015

Provisional Sampler Calibration Relationship: (X = Q, (Orifice), Y = (P,/P_)*?)
mi=  0.1849 b= 0.7764 m= 0.9998

Measurements with filter installed and Audit Orifice Transfer Standard removed:

APgq 33.02 mm Hg P,? 705.98 mm Hg

P./P, 0.9553 (P./P ) 0.9774

Q, (audity 1.087 m¥min Q, (sampler)  1.146 m3/min

Audit Flow Rate Percentage Difference® 5.4 %

Design Flow Rate Percentage Difference® -3.8 %
P, = P,- AP,

b Q, (audit) is determined from the provisional sampler calibration relationship.
¢ Q,(sampler) is determined from the lookup table or alternative calibration relationship.

Q. (sampler) & Q_ (audit)
4 Audit flow rate % difference = [100] [ z 2

Q, (audit)

¢ Design flow rate % difference * [100]

Q, (audit) & 1.13
1.13

Auditor  R. Wright Observer K. McDaniel

Figure 7.3 (continued)
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10.

Caution: Tighten the faceplate nuts evenly on aternate cornersto properly dign and uniformly
sedt the gaskets. The nuts should be hand-tightened only; too much compression can damage the
seding gaskets.

Ingdl the audit orifice transfer sandard with no resistance plate, or fully open the vave of a
variable-resistance orifice. For resistance plate-type orifices, make sure the orifice gasket is
present and that the audit orifice transfer standard is not cross-threaded on the faceplate. Sedl the
audit orifice transfer standard’ s pressure port and the stagnation pressure port with rubber caps or
gmilar devices

Leak-test the audit system (refer to Section 2.4.2, Step 4). Identify and correct any leaks before
proceeding.

Ingpect the audit manometer connecting tubing for crimps or cracks. Fully open the vaves and
blow gently through the tubing, watching for the free flow of the fluid. Adjugt the manometer diding
scae so that the zero line is at the bottom of the meniscuses. Connect the audit manometer to the
pressure port on the audit orifice transfer sandard. Make sure the unconnected side of the
manometer is open to the atmosphere. Make sure that the tubing fits snugly on the pressure port
and on the manometer.

Read and record the following parameters on the VFC Sampler Audit Data Shest:

o Sampler location, date, time

e Sampler modd and SN

e Ambient temperature (T,), EC and K (K = EC + 273)

e Ambient barometric pressure (P,), mm Hg (or kPa)

*  Unusud westher conditions

* Audit orifice trandfer sandard’s SN and cdibration relationship

»  Sampler lookup table number or other cdibration relationship currently in effect.

Turn on the sampler and alow it to warm up to operating temperature (3 to 5 min).

Note: The sampler inlet may be partialy lowered over the audit orifice transfer gandard to act as
adraft shidd (if ashield is not otherwise provided). Use ablock to provide at least 2 in. of
clearance at the bottom for air flow and for the manometer tubing.

When the sampler has warmed up to operating temperature, observe the pressure drop across the
orifice by reading the total manometer deflection and record as AH,O on the audit data sheet.

Instruct the operator to measure the sampler’ s relative stagnation pressure (i.e., relaiveto
atmospheric pressure) with the manometer (or other pressure measurement instrument) normally
used to measure stagnation pressure. Record the relative stagnation pressure as APy, on the data
sheet. If APy, is measured in inches of weter, convert the reading to millimeters Hg using
Equation (9):

mm Hg = 254 (in. H,0)/13.6 . 9)
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11.

12.

13.

14.

15.

16.
17.

Compute the absolute stagnation pressure, Py, as:
P,=P,- APstg (10)
and the absolute stagnation pressure retio as.
Stagnation pressureratio = P,/P, . 11
Record the P,/P, ratio on the audit data shest.
Determine the flow rate through the audit orifice transfer standard, Q, (audit), usng Equetion (4):
Qa (audit) = {[AHO(T/PJ]"% - b} {1/m} (4)
where

Q. (audit) = actud volumetric flow rate as indicated by the audit orifice transfer standard,
me/min
AH,0O = pressure drop across the orifice, mm (or in.) H20
T, = ambient temperature, K (K =EC + 273)
P, = ambient barometric pressure, mm Hg (or kPa)
b = intercept of the audit orifice transfer gandard’ s calibration relationship
m = dope of the audit orifice transfer sandard’ s calibration relationship.

Instruct the operator to determine the sampler’ sindicated flow rate, Q, (sampler), using the P,/P,
vaue obtained in Step 11 and the sampler’ slookup table or dternative cdibration relationship.
Record this flow rate on the audit data sheet. If P,/P, is below the range covered by the lookup
table or aternative cdibration relationship, proceed to Step 23.

Cdculate the audit flow rate percentage difference between the sampler’ sindicated flow rate, Q,
(sampler), and the corresponding audit flow rate, Q, (audit), determined from the audit orifice
transfer standard as:

Audit flon&rate % difference ® [100] Qu(samplen) &_Qa(wdit) : (12)
Q, (audit)

For the moment, this vaue should be consdered as tentative. Record this value on the audit data
shest.

If the audit flow rate percentage difference is within 10, the value may be consdered asfirm and
may be recorded on Part 1 of the audit data sheet. Proceed to Step 16. If the valueis not within
+10, or if amore comprehensive three-point audit is desired, skip to Step 23.

Turn off the sampler and remove the audit orifice transfer standard.

With afilter ingdled on the sampler in the norma sampling configuration (i.e., with afilter cassette,
if normaly used), turn on the sampler and alow it to warm up to operating temperature.
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18.

19.

20.

21.

22.

23.

24.

Instruct the operator to measure the sampler’s relative stagnation pressure, APy, and to calculate
the absolute stagnation pressure ratio, P,/P,, as specified in Steps 10 and 11. Record these data
on Part 1 of the audit data sheet. Turn off the sampler and replace the vacuum cap on the
stagnation pressure port.

Cdculate the sampler’ sindicated operationa flow rate, Q, (sampler), using the P,/P, vdue
obtained in Step 18 and the sampler’ s lookup table or dternative calibration relationship. Record
thisflow rate on Part 1 of the audit data sheet.

Cdculate the corrected sampler flow rate using Equation (16):

(100 & audit % difference)

Q, (corrected sampler) * [Qa(mpler)] 50

(16)

where Q, (sampler) is obtained from Step 19 and the audit flow rate percentage differenceis
obtained from Step 14. Record this value on Part 1 of the audit data shest.

Cdculate the design flow rate percentage difference between the corrected sampler flow rate from
Step 20 and the inlet design flow rate of 1.13 m¥/min as

(15)

Q, (audit) & 1.13}

Dedgn flon&rate % difference * [100] [ e

Record this value on Part 1 of the audit data sheet.

If the design flow rate percentage difference is within £10 percent, the sampler cdibration is
acceptable. Differences exceeding £10 percent should be investigated and may result in the
invaidation of dl data obtained subsequent to the last cdibration or vaid flow check. Before
invalidating any data, double-check the audit orifice transfer Sandard’ s certification, and al ca-
culations.

This completes the one-point audit. Return the sampler to its normal operating configuration.

Repesat Steps 8 through 12 for at least two additional audit flow rates, obtained with resistance
plates or by adjusting the variable resstance valve. These additiona flow rates should be within or
only dightly below the acceptable flow rate range (i.e., 1.02 to 1.24 m*/min) of the sampler inlet, i
possible. Record the data from al three points on Part 2 of the audit data shest.

Note: Resstance plates supplied by the manufacturer of the audit orifice transfer standard may
have to be modified (i.e., holes enlarged or additiond holes drilled) to obtain appropriate flow
rates.

For each cdibration point, caculate and record the quantities (P,/P,) and Q, (crifice). For the
linear regresson modd,
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25.
26.

27.

28.

29.

30.

31

(P,/P,) = mi[Q, (orifice)] + bl . (20)

Cdculate the linear regression dope (M), intercept (bN) and correlation coefficient (V). Be sure to
include the data obtained for the first flow rate in Steps 11 and 12 in the caculation of the linear
regresson. The regression calculations require atotal of at least three points. Record these values
on Part 2 of the audit data sheet.

Note: Thisisatemporary, provisond calibration reaionship that is vaid only during the audit
because no temperature term is included in the caculations.

Turn off the sampler and remove the audit orifice transfer standard.

With afilter ingdled on the sampler in the norma sampling configuration (i.e., with afilter cassette,
if normally used), turn on the sampler and alow it to warm up to operating temperature.

Instruct the operator to measure the sampler’ s relative stagnation pressure, APy, and to calculate
the absol ute stagnation pressure ratio, P,/P, as specified in Steps 10 and 11. Record these data on
Part 2 of the audit data sheet. Turn off the sampler and replace the vacuum cap on the stagnation
pressure port.

Cdculate the sampler’ sindicated operationa flow rate, Q, (sampler), using the P,/P, vdue
obtained in Step 27 and the sampler’ s lookup table or aternative calibration relationship. Caculate
the audit value for the sampler’ s operationd flow rate, Q, (audit), usng the (P,/P,) vaue obtained
in Step 27 and the dope (m\) and intercept (bN) of the provisona sampler cdibration relationship
obtained in Step 24. Record these two flow rates on Part 2 of the audit data sheet.

Cdculate the audit flow rate percentage difference between Q, (sampler) and Q, (audit) obtained
in Step 28 as.
Q, (sampler) & Q, (audit)

Audit flon&rate % difference * [100] -
Q, (audit)

(12)

Record this value on Part 2 of the audit data sheet.

If the audit flow rate percentage difference is within +10 percent, the sampler cdibration is
acceptable. Differences exceeding £10 percent will require recdibration and may result in the
invadidation of dl data subsequent to the last cdibration or valid flow check. Before invaidating
any data, double-check the sampler’s cdibration, the audit orifice transfer standard' s certification,
and dl cdculations.

Cdculate the design flow-rate percentage difference between the Q, (audit) obtained from Step 28
and theinlet design flow rate of 1.13 m?/min as:

(15)

Q, (audit) & 1.13}

Dedgn flon&rate % difference * [100] [ e
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Record this value on Part 2 of the audit data sheet.

32. If the desgn flow rate percentage difference iswithin +10 percent, the sampler cdibration is
acceptable. Differences exceeding £10 percent should be investigated and may result in the
invalidation of dl data obtained subsequent to the last cdibration or valid flow check. Before
invaidating any data, double-check the audit orifice transfer gandard’ s certification and dl cacu-
lations.

This completes the three-point audit. Return the sampler to its norma operating configuration.

7.3 Audit Data Reporting

The operating agency should be given a copy of the audit preliminary results a the completion of the
audit. The audit data sheet should be Sgned by both the auditor and the observer, and the results should
be discussed. These prdiminary data should never be used to make monitoring system adjustments.
Auditors may make mistakes, and calibration curves may shift. A postaudit verification of audit
equipment and datais essentia before inferences can be drawn regarding the sampler’ s performance.
An auditor should be able to support audit data with complete pre- or postaudit equipment verification
documentation.

Fina verified audit data should be submitted to the operating agency as soon as possible. Delays may
result in dataloss, a sampler out of audit limitsis aso out of cdibration limits, and the data collected
may beinvaid. If asampler exhibits unsatisfactory agreement with the verified audit results (i.e,, audit
flow-rate percentage differences exceeding 10 percent), a calibration should be performed
immediately, certainly before the next run day.

7.4 Flow-Rate Performance Audit Frequency

The frequency of flow-rate audits depends on the use of the data (e.g., for PSD air monitoring or for
SLAMY). For PSD monitoring, the flow rate of each sampler must be audited at least once per
sampling quarter. For SLAMS, flow-rate audits should be conducted on at least 25 percent of the
operational samplersin the monitoring network each quarter such that each sampler is audited at least
once ayear. If areporting organization has fewer than four PM,, samplers, one or more randomly
selected samplers should be reaudited so that at least one sampler is audited each cdendar quarter.

7.5 System Audit

A system audit is an ongte ingpection and review of the qudity of the totd measurement system (i.e,
sample collection, sample analysi's, data processing, etc.). Thisaudit is normally conducted at the
sartup of anew monitoring system and as appropriate thereafter. Sections 7.5.1 and 7.5.2 present
system audit procedures to evaluate data processing and |aboratory operations.

Part 1, Section 15, of this volume provides additiond detailed procedures and forms for system audits.

7.5.1 System Audit of Data Processing
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Data processing should be audited soon &fter the origind ca culations have been performed to alow
corrections to be made immediately and to alow for possible retrievd of additiond explanatory data
from fidd personnd. A minimum frequency of seven samples per 100 (or aminimum of four samples
per lot) is recommended. The following procedure is suggested:

1
2.

Use the operationa flow rates as reported on the sample data sheets.

Beginning with the raw data on the HV PM,, sample data sheet and thefilter net and tare weights,
independently compute the PM,, concentration (micrograms per cubic meter) and compare it with
the corresponding concentration originaly reported. If the mass concentration computed by the
audit check does not agree with the origind vaue within roundoff error, recheck the caculations
for dl samplesin thelot.

Record the audit vaues on a data sheet and report them, dong with the origina vaues, to the
supervisor for review. The audit value is dways given as the correct vaue, based on the
assumption that a discrepancy between the two vaues is dways double-checked by the auditor.

7.5.2 Analytical Process System Evaluation

This section presents an andytica evauation of the filter-weighing process. In addition to observing the
bal ance operator’ s technique, the auditor should conduct an independent audit of exposed filter
reweighing. The performance evaduation of the HV PM,, filter-weighing process should be conducted
in the fallowing manner:

1.

Ingtruct the operator to weigh a set of threeto five ASTM Class 1, 1.1, or 2 mass reference
standards covering the range normaly encountered during gravimetric anaysis. The weighed vadue
should agree within +0.5 mg of the Sated vaues.

Observe the balance operator’ s technique and review the laboratory weighing procedure for
determining both the tare and gross weights of the sampling filters.

Review the maintenance and cdibration log for each baance. Routine ba ance maintenance and
cdibrations must be performed by the manufacturer’ s service representative at manufacturer-
specified scheduled intervals. In no case should the interva between cdibrations exceed 1 year.

Review QC data records for the filter-weighing process. Ensure that the following QC activities
have been performed and documented:

» Standard weight check every day of baance operation.

o Zero checks after every 5to 10 filter weighings, calibration checks after every 15, unless
longer-term stability of the balance has been established by records (at least 1 cdibration

check per day).
» Atlead fivefilters reweighed each day.

If any of these QC checks are out of limits, note what action was taken.
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8.0 Assessment of Monitoring Data for Precision and Accuracy

8.1 Precision

One or more monitoring sites within the reporting organization are selected for duplicate, collocated
sampling asfollows: for anetwork of 1 to 5 sites, 1 Steis selected; for anetwork of 6 to 20 sites, 2
Sites are selected; and for anetwork of more than 20 sites, 3 Sites are salected. Where possible,
additional collocated sampling is encouraged. Sites must be selected on the basis of having annua mean
PM ,, concentrations that are among the highest 25 percent of the annua mean PM,, concentrations for
dl the gtesin the network. If such sites are impractica, however, aternate sites approved by the
Regiond Administrator may be selected.

Collocated PM,, samplers being used for assessment of precision should generdly be of the same type.
That is, they should have smilar flow rates (eg., high, medium, or low), Smilar inlet types (eg.,
impaction or cyclonic), and Smilar flow controller types (eg., MFC or VFC). Where a PM,;, network
contains more than one type of sampler, each type should be represented by at least one collocated

sampler pair, if possble.

The two collocated samplers must be within 4 m of each other, but at least 2 m gpart to preclude air
flow interference. Cdibration, sampling, and andysis must be the same for both collocated samplers
and dl other samplersin the network. One of each pair of collocated samplersis designated asthe
primary sampler from which samples will be used to report air quality for the Ste; the other isdesig-
nated as the duplicate sampler. Each duplicate sampler must be operated concurrently with its
associated primary sampler at least once aweek. The operation schedule should be selected so that the
sampling days are distributed evenly over the year and over the 7 days of the week. The every-6th-day
schedule used by many monitoring agenciesis required. The measurements from both samplers at each
collocated sampling site are reported. An example precison data reporting form is presented in Figure
8.1. The percentage differences in measured concentrations (micrograms/cubic meter) between the two
collocated samplers are used to calculate precision as described in 40 CFR Part 58, Appendix A.

8.2 Accuracy

Each cdendar quarter, audit the flow rate of at least 25 percent of the PM,, samplers such that each
PM,, sampler isaudited at least once per year. If there are fewer than four PM ;o samplers within a
reporting organization, randomly reaudit one or more samplers so that one sampler is audited each
caendar quarter.

The accuracy of the HV PM,, sampler method in the measurement of PM,, is assessed by auditing the
performance of the sampler (at its specified flow rate) as described in Section 7.0. Both the audit flow
rate and the corresponding sampler flow rate are reported. An example accuracy data reporting form is
presented in Figure 8.2. The percentage differences between these flow rates are used to calculate
accuracy as described in 40 CFR Part 58, Appendix A.
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9.0 Recommended Standards for Establishing Traceability

Two factors are essentia for ataining accurate data: (1) the measurement process must be under
datigtical control at the time of the measurement, and (2) the combination of systematic errors and
random variation (i.e., measurement errors) must yield a suitably small uncertainty. The attainment of
accurate data requires the performance of QC checks, independent audits of the flow measurement
process, careful documentation of monitoring data, and the use of equipment and standards that can be
traced to appropriate primary standards.

9.1 Recommended Standards for Establishing Traceability

1. ANSI/ASTM Class 1, 1.1, or 2 mass reference standards are recommended for the |aboratory
balance cdibration. See Section 4.5 for details on balance calibration checks.

2. Useof apostive-displacement sandard volume meter (e.g., a Roots® Meter) is recommended for
cdibrating the flow-rate transfer standards that are used to cdibrate and audit the HV PM,,
sampler.

Note: Asthey are sold, standard volume meters may not be traceable to NIST. Traceability can
be established through NIST or through the meter manufacturer’ s repair department. Periodic
recertification is not normaly required under clean service conditions unless the meter has been
damaged and must be repaired. Section 2.0 presents details on HV PM,, sampler cdibration, and
Section 7.0 presents details on the flow-rate performance audits.

3. The dapsed-time meter should be checked upon initid receipt and referenced at least annualy
againg an accurate timepiece, and it must be accurate within 15 min/day.

4. Theaccuracy of associated monitoring equipment (i.e., thermometers, barometers, sop watches,
etc.) should be checked at routine intervas, but no less than once per year, against stlandards of
known accuracy and traceable to NIST.
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